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I,  Introduction. 

-00- 

The  work  of  this  paper  has  been  carried  on  at  the 
Johns  Hopkins  University  during  the  three  years  preceding 
the  date  of  its  publication,  and  I  wish  to  express  my  sin- 
cere gratitude  to  Professor  W.  K.  Brooks  for  his  kindly 
help  and  guidance  throughout  the  course  of  my  study.   I  am 
also  indebted  to  the  authorities  at  the  Marine  Biological 
Laboratory,  V/ood's  Hole,  Massachusetts,  for  the  privileges 
extended  to  me  by  that  institution  in  the  course  of  my  work 
there  during  the  past  three  summers. 

The  absence  of  reproductive  organs  during  the  entire 
year  in  Planaria  ma cul a t a  from  certain  localities  and  the 
appearance  of  these  organs  regularly  each  year  in  others 
aroused  my  interest  and  led  me  to  seek  some  explanation. 
While  accuimulating  data  upon  the  presence  or  absence  of 
these  organs  in  different  localities  and  seasons  I  found  in 
the  localities  where  reproductive  organs  are  not  developed 
abundant  material  for  a  study  of  the  normal  fission,  and 
since  the  normal  fission  of  Planarians  while  mentioned  by 
many  writers  during  the  past  ten  years  has  not  been  ade- 


quately  described  or  figured  in  a  single  instance,  with  the 
possible  exception  of  Planaria  f issipara  (Kennel  '88)  which 
presents  just  the  opposite  of  the  type  of  fission  in  Plan- 
aria  maculata .  I  have  attempted  a  thorough  description  of 
this  process  as  it  occurs  in  Planaria  maculata.   The  entire 
absence  of  reproductive  organs  in  many  localities  remains 
considerable  of  a  mystery,  but  I  give  the  data  thus  far  ob- 
tained under  the  head  of  life  history.   Finding  that  the 
reproductive  organs  of  this  common  form  had  never  been  de- 
scribed I  gave  last  year  a  short  note  on  their  anatomy  and 
development  and  i.hese  observations  are  further  elaborated 
in  this  paper. 


II.   THE  LIFE  HISTORY  OF  PLANARIA  MACULATA  III  DIFFERENT 

LOCALITIES. 

V/ith  a  single  exception  all  the  Triclads  which  I 
have  found  described  as  reproducing  a  sexually  are  without 
reproductive  organs  during  the  period  of  fission.   The  one 
exception  is  the  Land  Planarian  Placocephalus  Semper i  men- 
tioned by  Von  Graff  (  99,  p.  224).   There  is  also  to  my  kno';ia- 
edge  but  a  single  exception  to  this  in  the  Rhabdocoeles , 


viz.,  Microstomum  (Sekera,  *S8).   Since  --ill  Planarians  re- 
main for  a  long  time  after  hatching  without  these  organs  it 
might  easily  be  supposed  that  it  was  during  this  post-em- 
bryonic period  that  the  asexual  reproduction  occurred.   In 
a  hypothetical  case  we  might  suppose  the  young  hatched  in 
the  spring  and  early  summer  and  from  then  until  the  fall 
m.ore  or  loss  asexual  reproduction.   In  the  fall  this  ceas- 
es and  the  reproductive  organs  make  their  appearance.   Af- 
ter the  egg-laying  in  the  following  spring  the  adults  might 
die  or  they  might  lose  their  reproductive  organs  and  live 
on.   In  the  latter  case  they  would  at  the  end  of  the  summer 
be  indistinguishable  from  the  yoiing  of  that  year.   If  it 
could  be  proised  that  the  adults  all  die  after  their  egg 
laying,  i.e.,  lived  but  one  year,  vre   shoiild  then  have  a  kind 
of  alternation  of  generations  in  which  all  the  individuals 
resulting  from  the  sexual  multiplication  became  sexually 
mature.   It  it  could  not  be  proved  that  all  the  old  ones 
died  off  we  should  have  the  possibility  and  even  the  prob- 
ability that  their  reproductive  organs  disappeared  and 
they  again  passed  through  a  season  of  asexual  reproduction 
v/ith  the  younger  worms.   We  should  then  represent  the 
life  history  as  made  up  of  alternate  periods  of  asexual 
absence  of  reproductive  organs  in  all  the  worms  of  a  local- 


ity  at  certain  times  and  the  abundant  occurrence  of  normal 
fission. 

In  one  locality  where  I  have  observed  them  for  three 
years  Planaria  maculata  goes  through  some  such  series  of 
changes  as  that  I  have  just  indicated  vfith  the  probability 
that  the  old  ones  live  on  after  the  egg-laying.   The  point 
of  interest  is  that  there  seem  to  be  different  coiorses  in 
different  localities.   I  have  taken  systematic  observations 
in  a  number  of  places  during  the  past  three  years,  the  re- 
sults of  which  can  best  be  presented  by  a  statement  of  the 
data  obtained.   I  ohould  preface  this  by  saying  that  I  have 
taken  as  many  precautions  as  seem  to  me  necessary  to  guard 
against  the  possibility  of  my  dealing  with  two  distinct 
species  or  tv/o  varieties  of  a  species  where  but  one  has 
been  previously  recognized.   There  are  no  external  differ- 
ences betv/^een  the  v/orms  of  the  several  localities  beyond 
the  variations  in  color  which  one  might  expect.   Specimens 
from  a  single  locality  will  often  differ  more  in  color  than 
any  specimens  collected  from  a  locality  where  the  life  his- 
tory is  entirely  different.   So  far  as  I  can  ascertain  from 
the  most  careful  measurements  the  shape  of  the  head  and 
other  proportions  are  identical  in  all  the  localities. 

What  I  have  learned  regarding  the  changes  in  the 


several  localities  is  as  follows: 

Locality  (1).   All  the  v/orms  are  large  and  sexually 
mature  in  the  spring.   During  May  and  June  they  lay  their 
eggs.   In  July  the  young  and  adults  are  found  together  and 
are  easily  distinguishable.   In  the  latter  part  of  July  and 
during  August  the  adults  are  found  with  their  reproductive 
organs  in  all  stages  of  degeneration  and  sometimes  show  ev- 
idence of  fission  before  these  have  entirely  disappeared. 
Toward  the  end  of  August  and  in  early  September  no  repro- 
ductive organs  are  to  be  found  in  any  of  the  individuals 
and  the  old  ones  if  still  alive  cannot  be  distinguished 
from  the  young.   They  are  found  during  these  two  months  re- 
producing by  fission  to  a  very  considerable  extent.   In  the 
■fall  the  fission  stops  and  all  the  individuals  develop  r re- 
productive organs  in  preparation  for  the  egg-laying  of  the 
next  spring.   This  has  been  observed  for  three  years. 

Locality  (2).   The  same  as  locality  (1),  save  that 
I  have  never  seen  any  satisfactory  indications  of  fission. 
This  is  then,  as  far  as  the  observations  go,  an  exclusively 
sexual  locality.   Observed  the  same  course  for  three  years. 

Locality  (3).   A  period  of  very  active  fission  was 
observed  during  June,  July,  and  August.   No  reproductive  or- 
gans have  ever  been  discovered,  but  a  single  egg-capsule 
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was  once  found  which  shows  that  sexual  individuals  do  some- 
times occur.   Observed  for  one  year. 

Locality  (4).   A  period  of  very  active  fission  as  in 
locality  (3)  v^hich  begins  in  June  and  lasts  until  the  last 
of  September,  but  no  reproductive  organs  or  traces  of  the 
egg-capsuleTiiave  ever  been  seen.   Specimens  examined  in  No- 
vember and  again  in  flay  showed  no  sign  of  reproductive  or- 
gans.  Observed  the  same  for  two  years.   The  account  of  the 
fission  in  Planaria  mac ul at a  given  by  Randolph  ('97)  was 
based  upon  worms  from  this  locality. 

In  another  locality  which  I  have  kept  track  of  for 
one  year  there  seems  to  be  the  same  condition  as  in  locali- 
ty (1). 

These  observations  are  based  upon  many  more  individ- 
uals than  those  I  have  been  able  to  stain  whole,  or  to 
section.   The  egg-capsules  remain  upon  the  stones  for  three 
or  four  months  after  the  young  worms  have  broken  from  them 
and  afford  unmistakable  evidence  of  the  occurrence  of  a  re- 
productive season  even  though  no  sexual  worms  are  found. 
In  like  manner  when  the  capsules  have  never  been  found, 
though  the  under  sides  of  thousands  of  stones  were  examined 
in  collecting  and  I  was  constantly  looking  for  them,  it 
amounts  to  a  disproof  of  any  extensive  egg-laying  in  a  giv- 
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en  season  v.'hich  alone  would  be  siafficient  without  the  ad- 
ditional evidence  obtained  from  the  absence  of  reproductive 
organs  in  all  the  specimens  examined.   When  worms  have  their 
reproductive  organs  even  partially  developed  the  genital 
pore  can  be  readily  seen  on  the  ventral  side  and  as  they 
approach  sexual  maturity  the  two  vasa  deferentia  full  of 
sperm  are  very  noticeable  on  the  ventral  side  as  two  white 
cords  on  either  side  of  the  pharynx.   This  makes  it  possi- 
ble at  the  egg-laying  season  to  determine  the  presence  or 
absence  of  reproductive  organs  in  every  specimen  collected. 
These  facts  are  fainiliar  to  every  one  who  has  studied  Plan- 
arians ,  but  I  mention  them  in  order  to  show  the  number  of 
specimens  examined  to  furnish  the  basis  for  the  statements 
regarding  the  occurrence  or  absence  of  the  reproductive  or- 
gans in  the  respective  localities. 

As  to  the  inter-pretation  to  be  put  upon  these  con- 
flicting data;  if  I  had  only  localities  (2)  and  (4) ,  the 
one  v/ith  no  evidence  of  fission,  the  other  with  no  sign  of 
sexual  organs,  I  should  conclude  that  there  were  two  vari- 
eties of  Planar  ia  maculata .  one  of  which  reproduced  aliiost 
entirely  by  fission  and  in  which  reproductive  organs  were 
very  rarely  found.   Locality  (1),  however,  shows  that  fis- 
sion may  occur  in  what  I  have  termed  a  sexual  locality,  and 
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locality  (3)  shows  that  an  asexual  locality  may  sometimes 
I  roduce  worms  with  sexual  organs.   The  gradation  which  the 
four  localities  present  can,  it  seems  to  me,  be  explained 
by  supposing  that  Planaria  maculata  having  the  power  of 
fission  which  is  common  to  many  Planar ians  this  method  of 
reproduction  has  been  in  some  localities  substituted  almost 
entirely  for  the  sexual  method.   Whether  this  substitution 
is  permament  or  only  temporary  can,  of  course,  only  be  as- 
certained by  observations  extending  over  a  number  of  years. 

The  fact  that  all  the  specimens  collected  from  a 
sexual  locality  are  found  each  fall  with  reproductive  or- 
gans developing  shows  that  this  species  becomes  sexually 
mature  the  year  after  hatching,  whereas  Ijima  (*84)  found 
that  the  young  of  Dendrocoelum  lacteum  did  not  develop  any 
reprodiictive  organs  until  the  second  year,   Planaria  sim- 
plissima,  vhich  I  follov/ed  through  the  fall  and  v.'inter  at 
Williamstown,  Kas^.  (1900)  ,  showed  exclusively  sexual  indi- 
viduals during  that  time.   The  ovaries  and  testes  were  at 
first  found  in  their  younger  stages,  but  in  the  early  spring 
they  were  so  far  developed  as  to  indicate  the  nearness  of 
the  sexual  season.   It  is  therefore  probable  that  this  form 
also  develops  its  reproductive  organs  the  first  year. 
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III.   THE  ACT  OF  NORf'AL  FISSION  A14D  THE  FJCTERNAL  CHANGES 

FOLLOV/ING. 

Jacob  Keller  ('94)  in  an  article  based  upon  the  in- 
investigation  of  normal  fission  in  Rhabdocoele  Turbellaria 
( St eno stoma  and  flicrostomiAm)  and  the  regeneration  of  fresh 
water  Planarians,  has  tabulated  the  various  modes  of  normal 
fission  in  Triclads  and  Rhabdocoeles.   This  and  his  review 
of  the  literature  make  any  such  attempt  on  my  part  unnec- 
essary.  I  'vill  merely  indicate  the  schemlLof  the  types  of 
fission  according  to  Keller  and  the  place  in  this  which  the 
type  found  in  Plan^ria  maculata  occupies.   He  divides  the 
normal  fission  0?  Triclads  into  two  types  (1)  that  in  which 
the  new  organs  develop  previous  to  the  separation  of  the 
new  formed  individuals  (Planaria  fissipara.  Kennel,  '38,) 
and  (2)  th=it  in  which  the  development  does  not  begin  until 
after  the  new  individuals  have  separated  (various  Land 
Planarians  and  Planaria  albissima.  Sekera,  'S8),   Such  a 
distinction  is  not  hard  and  fast,  because  the  process  in 
Planaria  subtentacula .  (Zach arias,  'S6)  is  some  where  be- 
tween these  two  conditions.   The  first  type  is  similar  to 
the  fission  which  occurs  in  many  Rhabdocoeles,  the  second 
is  in  some  cases  a  simple  fragmentation  and  with  difficulty 
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dist inr^uished  from  the  regeneration  following  accidental 
mutilation.   Planaria  maculata  STjpplies  just  the  typo  of 
fission  necessary  to  make  a  very  complete  series  from  the 
one  extreane  to  the  other.   Briefly,  this  series  is  as  fol- 
lows : 

(1)  In  the  noiTTial  fission  of  PI  ana  ri  a  f  issipara 
(Kennel,  '88)  a  consti'ict  appeal's  a  short  distance  behind 
the  mouth  and  a  new  worm  is  produced  at  the  posterior  end 
of  an  old  one.   Before  the  two  separate  the  new  individual 
has  begun  to  feed  for  itself  and  its  eyes,  brain,  gut,  etc. 
are  in  the  same  condition  as  those  of  any  normal  adult  spe- 
cimen.  As  the  time  for  separation  approaches  a  furrow 
makes  its  appearance  at  the  place  of  division  and  deepens 
slowly  as  the  intei'nal  changes  progress.   There  is  little 
difficulty  in  recognizing  individuals  about  to  divide,  as 
for  some  hours  before  the  separation  we  have  two  perfect 
vforms  with  the  head  of  the  smaller  attached  to  the  tail  of 
the  larger  by  a  narrow  ist'nmus.    This  type  is  the  same  as 
is  found  in  all  Rhabdocoeles. 

(2)  In  PI an aria  subtentacula  (Zacharias,  VSG)  the 
separation  occurs  when  the  new  organs  of  tlie  tail  piece  are 
partly  formed.   The  posterior  gut  rami  are  fused  in  front 
of  the  new  pharynx,  but  the  formation  of  the  head  has  been 
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delayed.   There  is  an  external  furrow  which  is  the  first 
sign  of  the  approaching  fission  and  is  visible  until  the 
separation  occurs  four  days  later.   My  figure  of  a  Planaria 
maculata  on  the  third  day  after  noi-mal  fission  (Figs.  5  and 
17)  shows  the  condition  of  a  tail  piece  of  PI.  subtentacula 
immediately  after  fission. 

(3)   The  division  in  PI.  maculata  is  at  a  correspond- 
ing place  behind  the  pharynx,  but  is  preceded  by  no  exter- 
nal furrow,  Internal  development  of  organs  or  histological 
changes  along  the  line  of  separation  so  far  as  I  can  dis- 
cover (Pig  .   22).   The  animal  pinches  itself  in  two  at  a 
definite  place  (Figs.  24  and  25)  and  the  head  and  tail 
pieces  after  division  are  as  though  cut  in  two  with  a  knife 
a  short  distance  behind  the  pharynx.   The  occurrence  of  the 
division  at  a  corresponding  place  links  this  with  (1)  and 
(2),  while  the  separation  vrithout  any  previous  rearrange- 
ment of  old  or  development  of  new  organs  makes  the  fission 
of  PI.  maculata  ali::03t  the  same  as  the  last. 

(4)   This  is  found  in  many  Land  Planarians  (Lehnert 
'91,  V.  Graf,  '99,  Bergendal  ,  '  F,7 ,  Fletcher  and  Hamilton) 
when  one  or  more  pieces  of  varying  lengths  are  pinched  off 
at  the  posterior  end  and  each  fragment  on  regenerating  the 
necessary  organs  becomes  a  normal  individual. 
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Althouf;h  Planaria  albissirna  (Sekera,  *38)  in  which 
the  division  occurs  just  anterior  to  the  pharynx  inight  be 
used  to  fill  the  place  {'6)    which  I  have  assigned  to  Plana- 
ria maculata,  the  latter  completes  the  series  in  a  more 
sat isfactorj'  manner  since  its  division  is  posterior  to  the 
pharynx  and  in  exactly  the  same  place  as  (1)  and  (2), 

On  reviewing  the  accounts  of  the  different  authors 
(Zacharias  '86,  Kennel,  '88,  Sekera,  '88,  v.  Graff,  '99) and 
others,  one  finds  nowhere  given  a  complete  description  with 
adequate  figures  of  either  the  external  or  internal  changes 
from  day  to  day  in  a  normally  divided  Triclad.   The  exter- 
nal changes  have  been  quite  v/ell  described  by  Kennel  {'88) 
in  the  single  case  of  Planaria  fissipara,  which  is  a  diffei? 
ent  type  from  Planai'ia  maculata,  and  some  of  the  papers  re- 
viewed by  von  Graff,  ('99)  seem  to  have  indicated  pretty 
well  the  simple  external  changes  of  the  Land  Planariat   The 
histological  changes  connected  with  normal  fission  have  been 
quite  generally  neglectedt   Althoizgh  Keller  ('94)  mentions 
them  as  similar  to  those  following  the  regeneration  after 
artificial  mutilation,  he  gives  no  figures  of  the  process 
and  seems  to  have  studied  mainly  the  regeneration  after  ar- 
tificial cutting. 

The  occurrence  of  fission  in  PI,  maculata  was  first 
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noted  by  Miss  Randolph  {'99)  in  a  paper  upon  the  regenera- 
tion of  this  form.   This  is,  however,  only  a  brief  mention 
and  there  is  no  attempt  at  a  detailed  description.   As  so 
much  study  is  beinf^  devoted  to  the  re/;enerat ion  after  arti- 
ficial mutilation  of  Planarians  it  seemed  to  me  worth  while 
to  offer  a  thorough  description  of  every  phase  I  could  ob- 
serve of  the  nonnal  fission  and  subseqtxent   re^r^eneration  of 
PI.  maculata  and  this  is  embodied  in  the  follov/ing: 

If  previous  to  the  normal  fission  of  Planarian  mac- 
ulata there  is  any  external  furrow  to  indicate  the  place 
of  division  it  can  last  but  a  very  short  time  for  many  of 
my  specimens  divided  within  a  few  minutes  after  I  had  scru- 
tinized them  very  closely  for  some  trace  of  a  furrow  and 
found  none.   This  is  illustrated  by  Fig.  22,  a  whole  spe- 
cimen which  was  found  divided  (Figs.  24  and  25)  soon  after 
it  was  drawn.   I  believe  fherefore  that  the  single  case 
where  I  saw  the  actual  separation  was  the  nor-mal  process. 
In  this  case  the  worm  just  after  being  transferred  upon  a 
spatula  from  one  dish  to  another  pinched  itself  in  two  ap- 
parently by  a   quick  muscular  contraction.   There  was  noth- 
ing more  to  the  process.  (Figs,  22  and  24  -  25).   The  t'.vo 
pieces  moved  away  witlioxit  inconvenience  and  v/ere  exactly 
alike  all  newly  divided  pieces  found  in  the  ponds  or  the 
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laboratory  (Firs.  2  and  19),   Duririf;  the  collection  at  dif- 
ferent times  of  over  three  thousand  worms  for  my  experi- 
ments I  was  constantly  on  the  watch  for  specimens  with  some 
furrow  or  constriction  at  the  place  of  division  and  I  iso- 
lated many  specimens  which  I  fancied  were  thus  marked. 
These  invariably  failed  to  shov/  any  furrow  when  they  were 
fully  expanded  and  could  be  more  carefully  observed.   Some 
of  them  divided  several  days  later,  but  the  absence  of  any 
fiirrow  had  been  previously  determined  by  several  close  ex- 
aminations. 

The  examination  of  a  large  nximber  of  whole  worms  at 
the  season  when  the  fission  is  at  its  height  did  not  show 
any  with  signs  of  new  organs  developing  as  a  forerimner 
of  fission.    Serial  sections  of  tail  pieces  killed  soon 
after  the  division  also  show  no  trace  of  the  new  pharynx, 
brain,  or  any  change  in  the  gut.    The  making  of  the  new 
organs  and  rearrangement  of  the  old  is  hardly  apparent  ex- 
ternally until  the  second  or  third  day  after  the  fission 
occurs,  although  within  twenty-four  hours  the  parenchyma 
cells  at  the  anterior  end  cover  the  naked  scar  left  by  the 
fission  with  a  delicate  epithelium  and  form  a  small  cap  of 
new  tissiie  wliich  increases  in  size  from  day  to  day  (Figs. 
3,  12,  13). 
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These  facts  seem  to  show  that  the  worm  when  it  is 
ready  for  division  quickly  pinches  itself  in  tv/o  at  a  def- 
inite place  behind  the  pharynx  and  -explain  why  out  of  one 
hundred  and  eirjhty-six  divisions  which  occurred  in  the  la- 
boratory I  saw  the  process  in  only  one  case  thoup;h  many  in- 
dividual specimens  were  examined  at  frequent  intervals  for 
days  at  a  time. 

As  I  can  discover  no  histological  changes  at  the 
place  of  fission  in  the  parenchyma  or  other  tissues  of  the 
whole  worms  which  I  have  sectioned,  I  believe  that  the  di- 
vision is  accomplished  by  a  constriction  of  the  circular 
muscles  which  can  only  take  place  when  the  animal  is  of  a 
suitable  size  and  proportions  for  division,  and  in  this 
latter  respect  differs  from  v/hat  is  found  in  some  of  the 
Land  Plmarians  (v.  Graff  {'99),  Bergendal  ('87),  which 
will  almost  always  divide  if  sufficiently  irritated. 

Wilson  (1900)  has  recently  explained  the  fragmenta- 
tion of  a  Nemertean  (Cerebratulus  lacteus )  as  due  to  a  vio- 
lent muscular  contraction  not  preceded  by  any  discoverable 
histological  processes  which  can  aid  the  separation.   The 
Nemertean  fragmentation  may  be  quickly  brou'^ht  about  by  al- 
most any  stimulus  which  irritates  the  animal  and  may  cut 
through  opposite  any  one  of  the  gut  lobes.   The  effect  of 
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irritation  har^s  and  in  the  Land  Planai'ians  led  me  to  try 
the  effect  of  irritating  Planaria  maculata  in  vax'ious  ways. 

The  killing  fliiids  used  never  whole  worms  to  sepa- 
rate as  frequently  happens  with  the  Land  Planarians.    No 
amount  of  irritation  with  blunt  instruments  produced  any 
result.   I'lany  small  cuts  at  different  places  on  the  surface 
transverse  cuts  which  almost  divided  the  specimen  at  the 
place  wliere  normal  division  occurs  or  at  any  other  points, 
and  irregular  mutilations  at  different  places  are  all  quick- 
ly healed  and  do  not  produce  any  more  divided  specimens  in 
a  lot  of  twenty  or  twenty-five  worms  than  are  to  be  found 
from  day  to  day  in  lots  which  have  lot  been  thus  miitilated, 
and  it  is  the  same  when  single  specimens  are  isolated.   Ac- 
cording to  my  records  the  division  was  even  less  in  lots  so 
treated.   It  seems,  therefore,  that  ordinary  irritation 
will  not  produce  the  division,  which  must  be  considered  a 
spontaneous  and  perfectly  normal  process  serving  the  pur- 
pose of  multiplication.    The  facts  which  were  noted  at  the 
beginning  of  this  paper  upon  the  absence  of  reproductive 
organs  in  worms  from  localities  where  fission  occurs  exten- 
sively further  demonstrate  that  the  multiplication  of  the 
species  in  such  localities  must  be  accomi  lished  almost  en- 
tirely by  this  asexual  method. 
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The  only  influences  by  v/hich  I  succeeded  in  regula- 
ting tlae  fission  were  food  and  a  fresh  supply  of  water. 
These  were  effective  only  in  a  general  way.   If  tv;enty  or 
twenty-five  worms  are  isolated  and  not  fed  some  of  them 
will  be  found  divided  from  time  to  time  during  the  first 
three  or  four  days.   They  may  be  kept  in  this  way  for  many 
weeks,  but  after  the  first  few  days,  even  though  the  water 
is  frequently  changed  the  divisions  are  so  rare  as  to  be 
practically  nil  and  might  easily  be  explained  by  their  ob- 
taining food  from  eating  one  another,  a  thing  which  fre- 
quently happens.   On  the  other  hand,  if  they  are  kept  well 
fed  and  in  clean  water  such  a  lot  of  worms  will  have  sever- 
al divided  specimens  almost  every  day  and  these  pieces  will 
often  redivide  before  they  have  reached  normal  proportions. 
The  amount  of  division  is  therefore  directly  dependent  upon 
the  amount  of  food.   It  can,  however,  be  checked  by  foul 
water. 

In  feeding  the  worms  upon  criished  snails  the  water 
was  often  foul^,and  could  not  be  replaced  as  soon  as  would 
have  been  desirable  by  the  pond  water  in  which  they  were 
kept.   In  such  cases  the  fission  ceased,  but  six  to  ten 
hours  after  changing  the  water  there  seemed  to  be  an  epi- 
demic of  division.   My  records  show  that  I  obtained  as  many 
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divided  specimens  in  the  tfielve   hoixrs  followinf^  such  chang- 
es as  in  all  the  other  times  of  my  experiments,  although 
the  ratio  in  time  was  only  1:10.   This  proportion  can  hard- 
ly be  considered  an  accident,  but  I  think  the  point  is  in 
need  of  more  careful  investigation. 

All  that  these  experiments  indicate  is  that  the 
wonns  will  not  divide  unless  well  fed,  and  that  even  when 
they  are  ready  for  division  it  may  be  prevented  by  an  ab- 
normal condition  like  the  foulness  of  the  water.   This  em- 
phasizes the  necessity  of  having  all  the  conditions  as  fa- 
vorable as  possible  in  any  such  experiments. 

In  the  laboratory  the  fission  occurred  between  1^,00 
?.}'.»    and  6.00  A.M.  in  thirty-nine  specimens  out  of  forty- 
two  in  vhich  the  approximate  time  of  division  was  recorded. 
This  did  not  seem  due  to  the  araount  of  light  which  the  ani- 
mals were  subjected  to  during  the  day,  for  some  of  the 
dishes  were  so  shaded  that  there  was  practically  no  light 
day  or  night  except  when  they  were  being  examined,  and  the 
division  was  the  same  in  these  as  in  others  which  were  ex- 
posed to  the  full  daylight,   Lehnert  ('91)  observed  in  Bi- 
palium  kewenae  that  the  division  took  place  at  night. 

In  trying  to  show  that  the  fission  occurring  in  the 
laboratory  is  a  nojnnal  reproductive  process  I  have  taken 
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pains  to  show  that  it  occurs  to  an  ^^ven  greater  extent  in 
nature.   To  do  this  I  collected  some  three  thousand  worms 
from  different  localities  and  found  them  with  the  marks  of 
more  or  less  recent  division  always  abundant.   The  follow- 
ing count  of  the  specimens  collected  at  one  time  is  repre- 
sentative.  Wiiole,  75,  heads,  110,  tails,  60,  odd  mutila- 
tions, evidently  the  result  of  collecting,  5.   These  fig- 
ures are  ^ood  in  asexual  localities  at  any  time  from  June 
to  October  and  whon  it  is  known  that  tail  pieces  nay  rodi- 
vide  ai'ter  five  days  and  heads  after  about  twice  that  time 
one  r-ealizes  how  much  multiplication  may  be  thus  effected 
in  a  short  time.   A  smaller  mumber  of  tails  is  constant  in 
about  the  above  proportions.   The  tails  are  also  in  the  mi- 
nority in  the  laboratory  unless  isolated,  from,  the  fact  that 
they  are  eaten  by  the  whole  worms  and  their  own  head  ends 
and  even  v^hen  isolated  they  sometimes  die  apparently  from 
becoming  entangled  in  their  own  mucous  secretions.   As  they 
are  without  the  pharynx  o."  sense  organs  of  the  head.  (Figs. 
3,12,  -  13,  and  28),  there  is  probably  more  destruction  of 
heads  than  of  tails  in  nature  vfhere  they  may  be  preyed  upon 
by  other  hunters  ch^.n  their  own  kind.   Another  partial  ex- 
planation of  the  smaller  number  of  tail  pieces  in  my  count 
is  that  th 3y  become  almost  indistinguishable  from  whole 


worms  after  the  sixth  oi*  seventh  day,  while  in  head  pieces 
the  proximity  of  the  pharynx  to  the  posterior  ^nd      remains 
for  ten  or  twelve  days  as  a  sure  evidence  of  recent  division 
(Figs,  29  and  30),   The  abundance  of  tail  pieces  in  all 
stages  of  regeneration  is  sufficient  proof  that  a  large 
proportion  of  them  do  become  perfect  •Jorms.   There  is  no 
limit  of  p;rowth  which  v/hen  reached  causes  the  fission  since 
the  heads  and  tails  wlien  collected  are  of  all  sizes.   (com- 
pare Fig.  19,  20,  and  24  with  Figs.  2,  13,  16). 

The  figures  on  plates  I.  and  II.  which  illustrate 
the  following  description  of  the  external  changes  were  all 
made  from  living  specimens  which  were  kept  well-fed  upon  a 
darkly  pigmented  pond  snail.   The  presence  of  this  food  in 
the  digestive  track  enabled  me  to  follow  the  changes  of  the 
gut  by  measurements  of  the  same  specimen  on  successive  days 
In  the  figures  I  have  only  represented  the  main  gut  branch- 
es as   the  smaller  ones  could  not  be  accurately  made  ont    in 
the  live  worm  and  if  shown  would  only  obscure  the  course  of 
the  larger  ones. 

After  their  normal  separation  the  heads  and  tails 
follow  the  same  course  as  though  artificially  cut  in  two 
(Figs.  2-7,  16-18,  19,  28,  29,  and  30).   I  have  no  obser- 
vations ijpon  any  differences  between  the  processes  follow- 
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ing  normal  and  those  foliowinr;  artificial  separation. 
Viewed  from  the  dorsal  or  ventral  side  the  n^ked  end  of 
either  piece  immediately  after  division  shows  a  straight 
transverse  edge  with  just  a  little  line  of  white  parenchyma 
protruding  beyond  it  (Figs.  2,  24  and  25).   Viewed  head  on 
the  scar  is  like  a  transverse  section  of  the  worm  somewhat 
reduced  in  size.   The  sides  of  the  body  are  curved  in  slight- 
ly as  though  tlie  scar  were  always  kept  a  little  drawn  to- 
gether.  If  the  pieces  contract  as  they  frequently  do  a 
crescentic   area  of  scar  tissue  appears  and  just  behind  it 
a  very  dark  line  produced  by  the  drawing  together  of  the 
pigment  flecks  (Pigs.  1,  21,  24,  25),   Sections  show  the 
parenchyma  to  be  naked  and  occasionally  portions  of  the  gut 
are  in  contact  with  the  outside  (Fig.  35). 

During  the  first  twenty-four  hours  the  cut  end  be- 
comes pointed  by  the  appearance  of  a  small  triangular  area 
of  white  scar  tissue  and  in  the  tail  piece  (Figs.  3-7 
13-14,  16-iS)  this  form.s  the  part  of  the  new  head  lying 
anterior  to  the  tips  of  the  auricles.   In  the  head  piece 
it  merely  caps  the  posterior  end  (Figs.  19,  28-29).   "Dur- 
ing the  second  day  this  new  tissue  increases  in  size.   On 
the  third  day  the  first  indication  of  the  eyes  is  fbund  as 
two  minute  dots  just  on  the  line  between  the  old  and  new 
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tissues  (Figs.  4,  14  and  16).   The  halo  about  them  is  first 
seen  'vhen  the  pigment  flecks  become  apparent  on  the  fourth 
or  fifth  day  (Figs.  6  and  18).   The  area  of  the  new  tissue 
has  by  the  fourth  day  become  considerably  larger  and  its 
anterior  edges  have  begun  to  make  the  angles  of  the  normal 
head  (Figs.  5  and  17).   The  points  of  the  auricles  do  not 
show  plainly  until  the  sixth  or  sev'5nth  day  (Figs.  7  and  8) 
and  even  on  the  tenth  day  although  the  head  has  x*eached  its 
normal  shape  it  may  be  much  lighter   in  color  and  so  indi- 
cate the  recent  fission.   From  the  sixth  day  on  it  is  dif- 
ficult to  distinguish  a  tail  piece  from  a  normal  specimen 
and  many  tail  pieces  even  of  this  age  a:'e  probably  counted 
as  whole  specimens  in  collecting.  (Figs.  7  and  8) 

A  word  explaining  some  of  the  figures  will  review 
these  changes.   Figures  2-7  represent  the  changes  of  a  sin- 
gle tail  piece  on  six  successive  days  and  figures  20  and 
21  represent  this  piece  redivided  on  the  eighth  day.   Fig- 
ures 16-18  represent  a  single  tail  piece  on  the  third, 
fourth  and  fifth  days  after  normal  fission  and  figures  13 
and  14  another  tail  piece  on  the  second  and  fourth  days. 
Figure  8  is  a  tail  piece  the  eighth  day  after  separation. 
All  the  figures  of  the  external  changes  were  made  from  live 
specimens  studied  under  a  dissecting  microscope.   They  are 
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as  ace -rate  as  the  constant  movement  of  the  extended  an- 
imal will  allow  and  were  drawn  only  after  careful  measure- 
ments of  the  length,  breadth  and  other  proportions  wit'-  a 
pair  of  compasses.   For  the  sake  of  clearness  the  finer 
branches  of  the  gut  are  omitted. 

When  the  tail  is  pinched  off  there  has  been  no  re- 
arrangement uf  the  gut  and  we  therefore  have  two  parallel 
gut  rami  witli  their  various  branches  (Pigs.  2,  21  and  25). 
The  gut  in  whole  worms  of  this  species  has,  however,  so 
many  branches  and  secondary  connections  that  it  is  excep- 
tional to  find  but  two  long  rami  in  the  posterior  end  (Figs, 
22,  25,  29  and  31).   Three  or  four  is  the  common  ni:unber  and 
there  are  sometimes  as  many  as  five.   Where  there  are  but 
two  main  branches  the  changes  are  easily  followed.   As  late 
as  the  third  day  the  anterior  ends  may  remain  separated 
(Fig  .4),  but  usually  on  the  third  day  they  have  met  and 
fused  together  (Fig,  16).   During  the  third  and  fourth  days 
this  fusion  has  extended  further  back  (Fig,  17).   A  small 
pharynx,  not  as  yet  connected  with  the  gut,  is  visible  on 
the  fourth  day  in  the  live  animal  (Figs,  5  and  17),   The 
fused  rami  make  themselves  over  anteriorly  into  the  single 
anterior  gut  ramus  of  the  Triclad  with  no  apparent  increase 
in  the  amount  of  tissue  involved  (Pigs,  17-18  and  5-6),  The 
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new  I'harynx  is  connected  with  this  posteriorly  by  the  end 
of  the  fourth  day.   On  the  fifth  day  (Figs.  G  and  14)  the 
pharynx  may  be  protruded  and  used  in  feeding  though  as  yet 
quite  small.   In  the  tail  pieces  the  pharynx  develops  some- 
what anterior  to  its  final  position  (Pigs.  5  and  9).   From 
the  fifth  day  (Fig.  6)  on,  the  only  change  is  the  slow  rear- 
rangement of  the  proportions  as  the  phar3''nx  moves  back  to 
its  normal  position  or  if  the  pharynx  be  taken  as  the  fixed 
point  the  old  tissue  may  be  said  to  move  around  in  front  of 
it.   This  remodeling  of  the  contour  is  similar  to  that  de- 
scribed in  all  studies  of  regeneration  (Morgan,  1900  and 
'98,  and  Bardeen,  1901). 

As  will  be  seen  from  the  figures  (2,  12,  13,  21,  and 
2b)  the  portions  of  the  gut  found  in  tail  pieces  are  hardly 
the  same  in  any  two  cases,  but  the  same  formation  of  a  sin- 
gle ramus  always  follows  when  the  several  rami  unite  at 
their  anterior  ends  (Pigs.  6,  14  and  18).   The  fission  is 
probably  the  cause  of  the  complexity  in  the  branching  and 
interconnections  in  all  parts  of  the  gut  in  Planaria  nacula- 
ta  (Figs.  14,  20,  22,  23,  and  31).   Many  other  Planaria 
have  long  branches  extending  from  well  up  on  the  posterior 
rami  toward  the  posterior  end,  while  anteriorly  the  gut  is 
quite  regular.   If  fission  occured  to  any  extent  in  these 
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forms  it  would  produce  the  same  kind  of  irregularity  as  is 
found  in  Planaria  maculata.   Indeed,  the  production  of 
these  bizarre  connections  can  often  be  actually  followed 
as  in  FigSt  13  and  14).   Zacharias ,  ('86)  was  stnick  by  the 
great  complexity  of  the  gut  branching  in  Planaria  subten- 
tacula .  but  did  not  cori'elate  it  with  the  fission  in  that 
species. 

In  many  cases  the  tail  pieces  redivided  before  tha 
pharynx  had  reached  its  normal  position  or  the  proportions 
of  the  adult  had  been  attained  (Figs.  20-21).   The  only  re- 
quisite for  a  new  division  seems  to  be  plenty  of  food  and 
time  to  accumulate  enough  material  behind  the  pharynx  to 
make  a  new  worm  out  of.   Because  of  the  latter  condition 
tail  pieces  redivided  much  sooner  than  heads.   The  shortest 
time  in  which  a  head  redivided  (tenth  day)  was  just  twice 
that  in  which  tails  frequently  redivided. 

In  the  laboratory  the  intervals  between  divisions 
were  so  irregular  that  nothing  can  be  said  except  that  tail 
pieces  redivide  much  sooner  than  the  corresponding  heads. 
On^  must  sixppose  that  in  nature  some  individuals  go  for  a 
longer  time  than  others  without  division,  since  the  heads 
and  tails  when  collected  are  from  worms  of  all  sizes. 

To  show  the  irregularity  between  the  acts  of  normal 
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fission  I  have  inserted  a  text  figure  which  has  for  its 
basis  the  record  of  three  individi^als  which  were  isolated 
and  followed  for  31,  33  and  32  days  respectively.   Begin- 
ning with  the  whole  specimens  1,  2,  and  3  on  the  left, 
their*  acts  of  noxTnal  fission  into  a  head  and  tail  piece  are 
indicated  by  the  divei'gence  of  the  horizontal  lines  and  the 
time  at  which  each  occurred  by  the   scale  of  days  given 
below,   I  have  similar  records  of  quite  a  number  of  the 
products  of  division  for  a  longer  or  shorter  time  than  the 
above,  but  these  three  cases  sufficiently  indicate  the  en- 
tire lack  of  any  observed  regularity  in  the  intervals  be- 
tween one  act  of  fission  and  the  next. 

In  the  head  piece  after  the  normal  fission  the  re- 
modelling goes  on  in  such  a  v/^ay  that  the  portion  anterior 
to  the  pharynx  remains  the  same  size,  or  at  least  the  most 
careful  measurements  do  not  show  any  change  in  its  propor- 
tions, while  the  portion  posterior  to  the  pharynx  grows  lin- 
til  it  has  completed  the  normal  proportions.   Figures  19- 
28  and  29-30  will  serve  to  illustrate  this  and  also  Fig,  11, 
which  represents  the  changes  in  outline  at  the  posterior 
end  of  a  head  piece  during  the  seven  consecutive  days  fol- 
lowing normal  fission.   Apparently  the  rapid  growth  of  the 
animal  when  fed  masks  to  a  certain  extent  the   i-earrange- 
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ment  of  proportions,  morpholaxis,  which  is  so  evident  in 
pieces  artificially  cut  from  different  parts  of  the  worm 
for  experiments  in  regeneration  (Morgan,  '9S  and  1900)  and 
in  the  tail  pieces  (Figs.  2-7)  which  must  go  without  food 
until  the  new  pharynx  develops. 

IV.    INTERNAL  CHANGES  AFTER  FISSION. 

Before  describing  the  histological  processes  involv- 
ed in  the  regeneration  after  normal  fission  it  is  necessary 
to  describe  the  parenchyma  of  this  species  and  I  also  take 
occasion  to  review  to  some  extent  the  various  descriptions 
which  have  been  given  by  different  authors  of  the  normal 
parenchyma  and  its  part  in  regeneration. 

Leaving  out  the  gland  cells,  muscle  and  nerve  fi- 
bres and  other  organs  which  are  set  in  the  parenchyma  as  a 
matrix  the  parenchyma  (Figs.  42  and  43)  in  an  adult  PI. 
maculata  has  the  appearance  of  a  syncitial  mass  the  cyto- 
plasmic portion  of  which  is  relatively  large.   Tho  struc- 
ture of  the  cytoplasm  is  such  that  it  has  after  fixation 
a  varying  niimber  of  vacuoles  and  irregular  clofts  surround- 
ed by  a  substance  made  up  of  what  resemble  the  fibres  of  a 
net-work.   The  nuclei  (np)  which  seem  properly  to  belong 
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to  this  syncitiTom  are  set  irregularly  through  it  and  as  in 
a  typical  syncitiuin  havG  no  trace  of  a  cell-outline.   Where 
the  clefts  and  vacuolee  are  greatly  increased  in  size  and 
number  the  tissue  has  something  the  appearance  of  scattered 
multipolar  cells,  the  processes  of  which  are  everywhere 
continuous  with  those  from  neighboring  cells.   This  condi- 
tion is  what  is  more  frequently  observed  in  the  central 
parts  of  the  adult  Planarian,  but  around  the  edges  of  the 
body  and  at  the  ends  there  is  a  closer  resemblance  to  the 
condition  of  the  parenchyma  in  an  embryo  for  here  the  nu- 
clei are  more  closely  set  and  there  is  so  little  cytoplasm 
between  them  that  large  vacuoles  or  clefts  are  absent  (Fig, 
41). 

In  PI,  maculata  the  adult  parenchyma  has  much  more 
the  appearance  of  a  syncitivun  which  has  its  cytoplasm  very 
greatly  vacuolated  than  of  a  large  niunber  of  multipolar 
cells  v/hich  are  connected  by  their  branching  processes. 
The  latter,  however,  is  evidently  the  structure  in  some 
forms  for  Krsmanovic  ('99)  says  (p,13S)  ,  "Das  Uesenchym 
ist  auch  bei  meinen  beiden  Formen  von  reticulftrem  Bau,  wie 
dies  die  Fig,  9  (me)  deutlich  zeigt.   Die  Auslflufer  der 
zellen  verbinden  sich  zum  Theil  unter  einander,  zijn  Theil 
umspinnen  und  umgreifen  sie  in  Form  von  Fasern  und  Plattenl' 
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Ijima,  ('84)  also  described  the  parenchyma  of  Plana- 
ria  rolychroa  as  made  up  of  anastomosing  cells. 

Whether  the  parenchyma  is  a  vacuolated  syncitium  or 
made  up  of  connecting  multipolar  cells  is  of  course  of 
little  importance  for  there  may  be  differences  in  the  pa- 
renchyma of  different  species  of  Planaria  such  as  Bdhmig 
{'91)  describes  in  the  Rhabdocoeles.   I  have  also  observed 
that  fixation  with  plain  corrosive  sublimate  makes  the  vac- 
uoles more  irregular  and  gives  an  appearance  very  much 
like  Ijima's  {'84)  description,  while  such  a  fluid  as  Zen- 
ker gives  the  more  regular  appearance  shown  in  my  figures 
with  evenly  rounded  vacuoles. 

In  the  foregoing  description  I  have  mentioned  as  be- 
longing to  the  parenchyma  the  cells  of  a  syncitial  mass. 
In  addition  to  these  there  are  scattered  through  the  synci- 
tium other  cells  of  a  distinctly  different  type  which  have 
a  large  nucleixs  and  a  neucleolus  which  is  surrounded  by  a 
clear  space  (Figs.  42  and  43  s).   The  outline  of  the  cell 
cytoplasm  is  distinct  and  if  not  sharply  spindle-shaped 
usually  extends  out  much  more  from  either  end  than  from  the 
sides  of  the  oval  nucleus.   While  these  individual  cells 
are  of  a  distinctly  different  type  from  the  fused  cells 
of  the  syncitium,  there  are  so  many  others  (Figs.  42  and 
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43)  internnediate  between  the  two  it  seems  a  fair  presiomp- 
tion  that  there  is  a  transition  from  one  to  the  other,  but 
it  is  not  30  clear  in  which  order  the  series  can  be  inter- 
preted. 

There  is  nothing  particularly  new  in  the  above  de- 
scription, but  I  give  it  in  detail  and  also  the  review 
which  follows  in  order  that  my  description  of  the  regener- 
ative processes  may  be  as  complete  as  possible. 

There  is  substantial  agreement  in  the  observations 
of  Ijima  ('84),  Hallez  ('79),  Chichkoff  ('92),  Woodworth 
('91),  and  Krsmanovic  ('98)  upon  the  parenchyma  of  the 
Planaria.   Bflhmig  ('91)  gives  the  following  resume  of  his 
conclusion  regarding  the  parenchyroa  of  the  Turbellaria  as 
a  whole.   He  says,  (p.  205),  "Das  Parenchym  der  Turbelarien 
besteht  urspnlnglich  aus  individualisirten  Zellen.   Die  Art 
und  Weise  der  Verschmeltzung  dieser  Zellen  ist  eine  ver- 
schiedene.   Bei  den  Alloicfllen  und  wohl  auch  einen  Theil 
der  Rhabdocoela  wenigstens  tritt  eine  Diff erenzirung  in 
Gerflst  und  Saftplasma  in  jeder  Zelle  ein,  und  die  Zellwand- 
ung  en  resp.  die  Zellen  verschnielzen  unter  einander.   In- 
nerhalb  der  beiden  Gruppen  der  Dendrocfllen  und  vieleicht 
bei  einigen  Rhabdocfllen  treten  zugleich  mit  der  Verschmel- 
zung   der  Zellen  Vacuolenbildungen  auf.   Diese  sind  zum 


33 


Theil  mindestens  intercellular  bei  Tricladen,  stets  in- 
tracellular bei  den  Polycladen". 

Ijima  ('84)  first  recorded  the  existence  of  two 

t 

kinds  of  cells  in  the  parenchyma.   He  says  (p. 385): 

"Die  so  von  einander  verhSltnissig  weit  entfernten 
Kerne  sind  mit  anastomosingnden  Strftngen  von  Protoplasma 
umgeben.   Mit  anderen  Worten  heist  dies  die  Rindegewebs- 
zellen  verSsteln  sich  mehr  Oder  minder  deutlich  und  die 
Aste  stehen  in  Zusammenhang  init  einander,  wodurch  das  Ret- 
iculum Oder  die  Bindegewebsbalken  gebildet  werden.   Mitun- 
ter  kommen  auch  unverftstelte  Bindegewebszellen  vor,  welche 
aber  mit  reticulumbildenden  Zellen  durch  Zwischenformen 
verbunden  sind".   His  figures  seem  to  show  a  structure  sim- 
ilar to  what  I  have  interpreted  in  PI.  maculata  as  a  syn- 
citivim.   Ijima  also  says  that  the  individual  branched  cells 
are  more  numerous  at  the  periphery  of  the  body  than  else- 
where, a  fact  to  be  compared  with  my  observations,  which 
follow,  upon  the  large  number  of  such  cells  in  PI.  maculata 
when  it  is  undergoing  normal  fission. 

Woodworth  ('91)  speaks  of  the  parenchyma  of  Phago- 
cata  gracilis  as  a  "reticulate  mesenchym"  and  does  not  de- 
scribe any  unbranched  type  of  cells. 

Chichkoff  ('92)  summarizes  his  views  of  the  paren- 
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chyma  as  follows:  (p.  490)  "Je  considere  done  le  parenchyme 
des  Dendrocoeles  d'eau  douce  cornrne  uniquement  compose  de 
cellules  a  prolongements ,  qui,  s * entrecroisant ,  se  reliant 
les  uns  auz  autres,  determinent  de  petits  espaces  lacu- 
naires ,  ainsi  qu'on  le  sait  deja.   Mais  a  cote  de  ces  cel- 
lules a  prolongements,  il  n'est  pas  rare  d'en  rencontrer 
d' autres,  qui  en  sont  depourvues ,  revetant  une  forme  plus 
ou  moins  ronde,  et  possedant  un  noyau  avec  nucleole  bien 
visible:  ce  dernier,  du  rest,  se  trouve  dans  toutes  les 
cellules  i)arenchymateuse» "  Farther  on  he  says  that  the 
"cellules  sans  prolongements"  are  found  in  greatest  abund- 
ance at  the  peripheral  parts  of  the  body.   Chichkoff,  there- 
fore, separates  the  cells  without  branching  processes 
sharply  from  the  cells  of  the  parenchyma  proper  and  says 
nothing  of  any  intermediate  stafl3s. 

F.  von  Wagner  ('91)  describes  in  the  parenchyma  of 
Rhabdocoeles  what  he  calls  "Bildungszellen" ,  v/hich  he  says 
are  parenchymatous  in  origin  and  which  are  the  starting 
points  for  all  the  new  organs  in  regeneration.   From  his 
own  work  and  that  of  others  he  makes  the  statement  (p,  385) 
that,  "bei  den  Turbellarien  die  Regenerationen  vom  Paren- 
chym  (Mesoderm)  ihren  Ausgang  nehmen,  das  Regenerationsver- 
mtge  dieser  Thiere  somit  an  die  Bildungsfthigkeit  dieses 
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letzteren  gebunden  erschint".  That  is,  he  coes  back  to  the 
parenchyma  as  the  source  of  his  "bildungszellen"  and  hence 
of  all  the  rest  and  what  he  calls  "bildungszellen"  are  homo- 
logous with  the  "univerflstalte  bindegewebes  zellen"  of  Iji- 
ma,  the  "cellules  sans  prolongenents"  of  Chichkoff,  and  the 
large  cells  which  I  have  described  in  the  parenchyma  of  PI. 
maculata. 

That  the  parenchyma  is  the  tissue  from  which  the  new 
parts  come  is  I  think  agreed  by  all  who  have  studied  the 
histological  details  of  regeneration  in  Planarians  (v.  Wag- 
ner, ('91)  Keller,  {'94),  VanDuyne,  ('98);  Flexener,  ('98) 
Bardeen,  Coi). 

Keller,  ('94),  in  his  study  which  is  principally  up- 
on Rhabdocoeles ,  although  he  examined  Triclads  for  compari- 
son, has  gone  a  step  further  than  v,  V/agner  felt  justified 
in  doing  and  instead  of  deriving  the  "Bildungszellen"  from 
the  parenchjTna  he  believes  that  the  unbranched  parenchyma 
cells  wliich  v.  Wagner  called  "Bildungszellen"  and  of  paren- 
chymatous origin,  are  almost  like  a  fourth  germ  layer  which 
remains  undifferentiated  and  from  which  most  of  the  adult 
body  originally  came.   He  interprets  the  transitional  stag- 
es between  these  "Bildungszellen"  or  "Stammzellen"  as  he 
calls  them  and  the  branched  cells  of  the  parenchyma  retic- 
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ulximum  as  the  origin  of  parenchyma  from  these  cells.   He 
explains  his  theory  by  a  diagram  which  represents  the  de- 
velopment of  a  Planarian  after  the  stage  in  which  the  em- 
bryo consists  of  seventy  or  eighty  similar  blastmeres  as 
follows:   from  the  blastomeres  arise  (1)  the  primary  ecto- 
derm, (2)  the  primary  endoderm,  forming  a  kind  of  blasto- 
coele  in  which  lie  a  few  wandering  cells.   Prom  these  last 
there  arise  one  after  another  the  secondary  ectoderm,  the 
secondary  endoderm,  the  remainder  of  the  parenchyma,  the 
nervous  system,  gland  cells  and  muscle  fibres,  the  defini- 
tive pharanyx ,  considerably  later,  the  reproductive  organs 
and  in  case  of  mutilation  the  parts  which  are  made  good. 
He  further  says  that  from  his  examination  of  a  number  of 
Plararians  he  finds  that  those  species  having  the  power  of 
regeneration  most  marked  possess  the  greatest  number  of 
these  cells.   In  view  of  their  supposed  primitive  character 
Keller  prefers  the  tenn  "Stammzellen"  to  von  Wagner's  "Bil- 
dungszellen". 

How  far  our  knowledge  of  the  cell  lineage  of  Triclads 
admits  of  such  a  definite  interpretation  I  an  not  prepared 
to  say.   The  theory  is  a  suggestive  one,  though  from  the 
nature  of  the  case  impossible  of  actual  demonstration, 
Spindle-shaped.nucleoli  of  the  "stammgellen"  do  exist  in  PI.. 
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maculata  embi'yos  <\t   the  time  when  the  permenent  pharynx  is 
being  fomed.   I  should  myself  be  inclined  to  the  more  con- 
servative statement  which  is  merely  a  resum'e  of  the  facts, 
that  the  cells  left  between  the  primary  extoderm  and  endo- 
derm  of  the  embryo  produced  pretty  much  everything  else  and 
that  when  the  Syncitial  parenchyma  can  be  first  discovered 
there  are  also  individual  cells  scattered  through  it,  which 
though  the  larger  one  may  be  easily  distinguished  as  such, 
are  connected  with  the  syncitial  mass  of  the  parenchyma  by 
every  possible  intermediate  stage,  and  this  series  of  in- 
termediate stages  may  be  interpreted  as  "stammzellen"  be- 
coming parenchyma  or  as  parenchyma  becoming  "stammzellen". 
If  the  latter  be  the  interpretation  these  cells  would  be 
continually  arising  from  the  parench:7na,  we  should  lose  the 
continuity  of  the  "stammzellen"  which  Keller  assumes  have 
come  on  down  unchanged,  giving  off  the  others  as  from  an 
undifferentiated  stock  and  we  should  then  consider  the 
cells  of  the  parenchyma  as  the  final  ones  to  which  we  can 
trace  the  power  of  regeneration. 

The  facts  which  do  come  out  clearly  from  this  revie'v 
are  that  we  can  distinguish  (1)  the  parenchyma  proper  and 
(2)  certain  other  individual  cells  with  intervening  stages 
between  the  two  and  that  the  individual  cells  as  such  be 
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their  orif^in  early  from  the  embryonic  cells  or  later  from 
the  parenchyma  are  the  histological  basis  for  regeneration 
in  the  Rhabdocoeles  and  Triclads  which  have  been  carefully 
studied  and  that  these  studies  have  extended  over  a  suffi- 
cient niiinber  of  forms  to  show  their  general  occurrence. 

In  my  description  of  the  parenchyma  of  Pl»  maculata 
I  have  heretofore  referred  only  to  what  is  found  in  worms 
from  a  locality  where  there  is  practically  no  asexual  re- 
production.  In  localities  where  normal  regeneration  is 
going  on  as  a  result  of  the  normal  amputation  occurring  in 
fission  the  condition  of  the  "bildungzellen"  is  of  partic- 
ular interest.   The  number  of  these  "stamm"  or  "formative" 
cells,  as  I  shall  call  them  using  a  translation  of  Keller's 
tonri,  is  so  enormously  increased  in  the  dorsal  region  of 
the  body  (Fig.  36  s)  above  the  gut  that  they  are  far  more 
n\imerous  than  any  of  the  other  mesodermal  elements.   There 
seem  to  bo  more  of  them  thx'oughout  the  body  than  are  found 
in  worms  from  localities  v/here  fission  is  not  occurring, 
but  this  would  probably  not  have  attracted  attention  were 
it  not  for  the  very  great  number  in  the  dorsal  ren-ion  (Fig. 
39  s).   These  cells  both  dorsally  and  ventrally  and  in  all 
parts  of  the  body  in  all  the  specimens  during  the  entire 
season  of  normal  fission  are  at  all  times  dividing  very 
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rapidly  as  shown  by  the  mitotic  fif^ires  which  are  every- 
where abundant  (Figs.  36  and  39  k).   It  is  always  the 
large  individual  cells  which  are  dividing  and  never  the 
smaller  nuclei  of  the  parenchyma  proper.   The  daughter 
cells  resulting  from  these  divisions  have  nuclei  exactly 
like  those  of  the  parenchyma  in  size  and  appearance,  but 
have  their  own  cytoplasm  though  this  is  of  very  small 
amount.   These  are  the  only  cells  in  which  mitotic  figures 
have  been  discovered.   Cell  division  may  occur  in  the  endo- 
derm,  but  I  have  never  seen  any  indications  of  it  though  I 
have  searched  through  many  sections.   The  same  result  came 
from  the  examination  of  the  ectoderm,  though  here  the  rhab- 
dites  greatly  obscure  the  nuclei  and,  as  noted  above,  the 
small  nuclei  of  the  parenchyma  proper  have  never  been  found 
dividing.   This  makes  it  evident  that  it  is  the  formative 
cells  which  are  increasing  far  more  than  any  others  at  the 
time  when  the  worms  are  making  good  the  parts  lost  by  fis- 
sion and  ,<::rowing  so  fast  that  they  freqiaently  double  in  all 
their  proportions  in  twelve  days  (compare  Figs.  19  and 
32).   In  worms  taken  at  the  same  season  of  the  year  from 
localities  where  sexual  reproduction  is  in  progress  and  fis- 
sion is  practically  absent  formative  cells  may  be  found  di- 
viding, but  only  by  considerable  searching.   What  part 
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these  colls  play  in  the  regeneration  of  the  new  parts  after 
normal  fission  will  appear  fr.,m  the  following  description 
of  the  histological  changes  found  in  the  head  and  tail 
pieces  during  the  four  or  five  days  after  their  separation. 
The  figures  (35,  37,  38,  and  41)  upon  which  this  de- 
scription is  based  are  all  from  sagittal  sections  of  tail 
pieces  which  are  better  adapted  to  illustrate  the  facts 
than  sections  in  any  other  plane.   The  cha;.ges  in  the  pos- 
terior part  of  the  head  ends  are  exactly  the  same  in  char- 
acter minus  of  course  the  formation  of  the  organs  peculiar 
to  the  head  and  any  one  of  the  figures  might  do  as  well  to 
represent  what  occurs  in  the  posterior  end  of  a  head  piece. 
In  all  the  figures  of  Plates  4  and  5,  except  figures  38 
and  39  the  anterior  end  of  the  animal  lies  to  the  left.   In 
figures  38  and  49  the  anterior  end  of  the  animal  lies  to 
the  right.   Figxire  35  represents  a  sagittal  section  of  the 
anterior  portion  of  a  tail  piece  such  as  is  shown  in  Fig- 
ure 2.   Figure  37  is  a  similar  section  of  a  tail  piece 
about  thirty  hours  after  fission  (Fig.  3  ).   Figure  3G  is 
part  of  a  sagittal  section  from  about  half-way  between  the 
anterior  and  posterior  ends  of  a  tail  piece  which  has  just 
separated  from  its  head,  but  it  might  equally  well  repre- 
sent any  vertical  longitudinal  section  toward  the  middle 
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of  any  animal  from  a  locality  where  active  fission  is  occur- 
ring.  Figure  38  represents  a  sagittal  section  through  just 
the  tip  anterior  end  of  a  tail  piece  on  the  third  day  after 
fission  (Fig.  4  ).   Figure  39  is  a  section  similar  to  Fig- 
ure 36,  but  is  in  the  region  of  the  developing  pharynx 
(Fig.  5).   In  this  figure  the  anterior  end  is  to  the  right. 
Figure  40  is  a  section  in  which  the  anterior  end  lies  to 
the  left  and  shows  the  pharynx  fairly  v/ell  formed  (Fig.  17). 
Figure  41  is  again  a  section  similar  to  figures  35  and  37 
and  represents  what  is  found  at  the  anterior  tip  on  the 
fourth  day  (Fig.  5). 

The  conditions  found  in  the  naked  tip  of  the  tail 
piece  (Fig,  2)  a  few  hours  after  its  separation  from  the 
head  piece  are  represented  by  the  sagittal  section  shown  in 
figure  35.   Dorsally,  the  formative  cells  (s)  are  seen  to 
lie  in  the  parenchyma  and  to  be  more  numerous  than  else- 
where.  They  are  quite  prominent  because  of  their  large 
size  and  their  nucleoli.   At  the  exi'osed  part  of  the  paren- 
chyma there  are  a  considerable  number  of  these  cells,  but 
not  enough  to  indicate  their  special  multiplication  at  this 
place  previous  to  the  fission.   The  approximation  of  the 
dorsal  and  ventral  sides  sufficiently  accounts  for  the 
slight  massing  of  parenchyma  and  formative  elements  at  this 
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point.   Th(?  ectoderm  (ec)  has  been  broken  and  shows  rough 
edges  and  the  parenchyma  is  left  exposed.   This  may  be  com- 
pared with  any  of  the  figures  of  the  outside  at  this  stage 
(Figs.  2,21  and  25).   This  section  just  passes  throiigh  the 
inner  side  of  one  gut  ramus  (g).   It  is  at  once  evident 
that  one  could  not  distinguish  such  a  section  from  one  of 
a  v/onn  which  had  been  artificially  cut  in  two  and  further- 
more that  there  are  now  no  signs  of  any  histological  changes 
v/hich  may  have  preceded  the  fission.   The  formative  cells 
both  dorsally  and  ventrally  are  actively  dividing  as  is 
shown  by  their  numerous  mitotic  figures  (k),  but  the  amount 
of  division  at  the  exposed  tip  is  no  more  extensive  than 
can  often  be  found  in  a  space  of  the  same  size  anywhere  in 
the  dorsal  region  (Fig.  36).   In  fact  the  neighboring  sec- 
tions showed  more  cell  division  going  on  in  the  dorsal  and 
ventral  regions  some  distance  back  of  the  exposed  tip,  as 
is  shown  by  the  right  half  of  figure  35,  than  at  the  tip 
itself  where  the  new  ectoderm  is  to  form. 

Flexener  ('98),  in  studying  the  histological  chang- 
es occurring  in  the  regeneration  after  an  artificial  cut 
similar  to  this  normal  one  of  fission,  says  (p.  340)  ,  "At 
the  end  of  the  first  twelve  hours  and  about  equally  at  the 
conclusion  of  eighteen  hours  active  cell  proliferation  in 
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the  divided  end  is  p;oing  on.   The  evidences  for  this  are 
found  in  the  rich  mitosis  encountered  as  well  as  in  the  ac- 
cumulation of  small  immature  cells  at  the  injured  extremi- 
ty.  The  most  active  division  is  found  in  the  tissues  imme- 
diately adjacent  to  the  epidexTnal  •  •  •  at  the  end  of  twen- 
ty-four hours  cell  division  in  the  regenerating  end  is 
quite  over.   Long  and  painstaking  search  is  required  to 
discover  a  single  karyokinetic  figure". 

The  artificial  cutting  seems  therefore  to  have  stim- 
ulated in  Flexener's  PI,  maculata -ilfra  special  pr-oduction  of 
nvff   cells  near  the  cut  end  during  the  first  twenty-four 
hours.   There  is  certainly  no  very  well  marked  period  of 
extremely  active  cell  division  after  normal  fission  and 
this  I  account  for  by  the  fact  that  an  asexual  reproducing 
PI,  maculata  always  has  an  excess  of  the  formative  cells 
in  all  parts  of  the  parenchyma  and  particularly  along  the 
dorsal  side  and  that  there  is  no  need  for  any  marked  in- 
crease of  cells  at  the  exposed  end  nor  would  there  be  if 
the  v;orm  divided  itself  at  any  other  point.   There  is  per- 
haps a  slight  increase  in  the  amount  of  cell  division  among 

(f^)      The  worm  which  Flexener  calls  "Planaria  torira"  and 
which  is  the  subject  of  his  paper  came  from  the  localities 
where  I  have  collected  my  specimens  and  is  incorrectly  cal- 
led '*torva'^  as  I  have  identified  it  as  PI,  maculata. 
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the  formative  cells  at  the  exposed  tip,  but  not  enough  to 
be  readily  noticed.   It  is  the  same  process  which  Floxener 
observed  only  the  animal  is  prepared  for  its  fission  by  the 
increased  number  of  formative  cells.   These  cells  are  al- 
ways dividing  in  all  parts  of  the  body  no  matter  what  stage 
of  regeneration  is  examined.   Their  increase  would  seem 
sufficient  to  account  for  the  continual  increase  of  bulk  of 
the  whole  body  and  they  are  present  at  the  normally  cut  sur- 
face ready  to  make  good  the  loss.   I  have  often  wondered  if 
there  was  not  some  actual  migration  of  the  large  formative 
cells  from  the  more  distant  portion  (see  the  right  side  of 
Fig,  35)  tov/ard  the  exposed  end  for  they  seem  to  lie  free 
in  the  parenchyma  proper  and  are  dividing  more  actively  a 
short  distance  behind  than  just  at  the  cut  surface,  where 
in  the  third  and  fourth  days  (Figs.  38  and  41)  there  is 
more  increase  in  the  number  of  small  nuclei  than  seems  to 
be  accounted  for  by  the  division  at  the  tip  end  itself. 
On  the  second  day  (Fig.  37)  the  outermost  of  the 
large  formative  colls  have  bep-un  to  make  the  new  ectoderm 
(ec')  and  back  of  this  there  is  an  increasing  bulk  of  syn- 
citial  parench.'/ma  with  close  set  small  nuclei.   As  only  the 
large  cells  divide,  and  their  reconstructing  nuclei  are  ex- 
actly like  these,  this  collection  of  nuclei  has  presumably 
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originated  from  the  division  and  so  reduction  in  size  of 
the  large  cells,   A  considerable  number  of  large  cells 
still  remain  near  the  tip  and  mitotic  figures  are  to  be 
found  among  them.   On  following  the  section  posteriorly  the 
formative  cells  are  as  niimerous  as  ever  and  their  divisions 
as  frequent,  though  this  does  not  appear  in  the  section 
drawn  (Fig.  37). 

There  is  no  change  in  the  old  ectoderm  (ec)  except 
possibly  the  loss  of  some  cells  at  the  edge  between  the  new 
tissue  and  the  old.   At  the  exposed  surface  the  arrangement 
of  the  larger  formative  cells  shows  at  once  that  they  are 
pi'oducing  the  new  ectoderm  (ec').   This  section  cuts  through 
^  considerable  portion  of  one  of  the  still  unfused  gut  rami 
(Fig.  3). 

The  third  day  (Fig.  38)  shows  an  increase  in  the 
number  of  small  nuclei  evidently  arising  by  further  divis- 
ion of  the  large  formative  cells  so  that  the  latter  are 
found  in  considerable  numbers  only  some  distance  back.   The 
ectoderm  at  the  exposed  tip  (ec*)  is  now  definitely  formed 
and  save  for  the  absence  of  rhabdites  the  boundary  between 
the  old  and  the  new  ectoderm  could  not  be  di stinguished.The 
killing  fluids  often  produced  clefts  between  the  new  ecto- 
derm cells,  as  shown  in  the  figure,  a  phenomenon  which  I 
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have  frequently  observed  in  the  delicate  ectoderm  of  embry- 
os killed  when  about  ready  to  leave  the  egg-capsule. 

On  the  fourth  day  (Pigs,  f)  and  17)  a  similar  section 
(Fig,  41)  through  the  head  shows  approximately  the  mature 
organization  of  the  parenchyma  in  this  region,  there  being 
many  small  nuclei  and  the  larger  cells  entirely  absent  un- 
till  a  point  opposite  the  gut  is  reached.   This  is  a  sec- 
tion of  the  anterior  end  of  a  tail  piece  considerably  smal- 
ler than  the  others  and  as  it  is  drawn  to  the  same  scale  it 
might  at  first  glance  indicate  more  elongation  and  flatten- 
ing of  the  new  tissue  than  occurs.   There  is,  however,  on 
the  third  and  fourth  days  a  flattening  and  elongation  which 
does  change  the  shape  of  the  regenerating  end  as  the  out- 
lines of  the  figures  show.   The  commissure  (nc)  connecting 
the  two  halves  of  the  new  brain  is  now  seen  for  the  first 
time. 

The  formative  cells  at  the  exposed  tip  seem  to  form 
as  above  described  the  new  ectoderm,  and  the  large  number 
of  small  nuclei  of  the  adult  head  parenchyma  to  all  appear- 
ances come  from  the  division  of  the  nuclei  of  formative 
cells  the  cytoplasm  of  which  becomes  continuous  with  that 
of  the  parenchyma  syncitium  (Fig.  42  sn). 

For  as  much  as  twenty-four  hours  after  the  fission 
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there  is  no  discoverable  change  in  the  parenchyma  at  the 
point  where  the  new  pharynx  is  to  form*      During  the  second 
day  there  appears  in  this  region  an  irregular  massing  to- 
gether of  large  formative  cells.   Dorsal  and  ventral  to 
this  mass  cells  the  mitotic  figures  are  abundant,  but  are 
not  so  frequent  in  the  mass  itself.   The  appearance  of  so 
many  large  cells  all  at  once  suggests  again  that  some  have 
migrated  from  the  dorsal  mass  of  formative  cells.   By  the 
third  day  (Fig,  39)  these  irregularly  directed  oval  and 
spindle-shaped  cells  have  become  almost  all  oriented  alike 
and  so  closely  packed  that  in  sections  5  vaa   in  thickness 
they  are  sometimes  two  or  three  cells  deep.   This  mass  of 
cells  (ph' )  covers  the  extent  of  the  new  pharynx  and  there 
cannot  be  any  doubt  what  cells  are  responsible  for  this 
organ.   Between  the  anterior  end  of  this  mass  and  the  gut 
rami  which  have  now  united  (Fig,  5)  are  fev;er  cells  also 
markedly  spindle-shaped  and  drawn  out  in  the  longitudi- 
nal axis  of  the  animal  (Fig.  39,  phi*  ).   Apparently  the 
fibres  of  the  parenchyma  about  these  are  also  drawn  out  for 
they  appear  differently  from  those  surrounding  them  and 
this  differentiation  narks  out  the  future  lumen  connecting 
gut  with  pharynx.   Where  it  meets  the  gut  (g)  there  is  such 
an  intimate  association  between  the  gut  and  the  formative 
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cells  (s)  one  is  forced  to  the  concliision  that  these  are 
being  added  on  to  the  gut.   This  apparent  fusion  of  the 
formative  cells  with  parts  of  the  gut  will  be  taken  up  in 
detail  later.   The  mass  of  close  packed  cells  (ph* )  extends 
about  twice  as  far  back  as  is  shown  in  figure  39»   The  cav- 
ities of  the  pharynx  lumen  and  its  sheath  have  not  yet  ap- 
peared.  The  cavity  of  the  sheath  appears  a  little  before 
the  cavity  of  the  mumen  being  first  evident  as  a  split 
around  the  periphery  of  the  posterior  two-thirds  of  the 
mass  of  formative  cells  (Fig,  39,  ph' )  ,  then  the  lumen  be- 
gins to  appear  by  a  separating  of  the  individual  cells  in 
the  centre. 

Figure  40,  in  v/hich  the  anterior  end  of  the  animal 
lies  to  the  left,  represents  a  stage  in  v/hich  the  liomen 
(phi')  of  the  pharynx  is  forming  and  not  connected  with  the 
gut  (g)  or  opening  on  the  free  end  of  the  pharynx.   The 
pharyngeal  sheath  is  formed,  but  the  mouth  has  not  broken 
through.   The  mass  of  formative  cells  of  the  third  day 
(Fig,  39)  is  here  represented  by  many  I'ounded  cells  in  the 
rudiment  of  the  pharynx.   Many  of  these  show  plainly  their 
cell  outline  and  a  nucleus  with  the  characteristic  nucleo- 
lus of  the  formative  cell.   In  the  centre  they  have  separa- 
ted for  the  beginning  of  the  lumen  (phi')  the  epithelial 
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lining  of  which  is  just  ben;inninc  to  i'orm  and  over  this 
area  the  parenchymatoiis  matrix  has  disappeared.   The  epith- 
eliiun  of  the  pharyngeal  pocket  (ep)  is  already  forced,  but 
some  of  its  nuclei  still  show  the  characteristic  nucleolus 
of  the  fonnative  cell.   Just  anterior  to  the  pharynx  in 
this  figure  are  to  be  seen  what  are  unquestionably  forma- 
tive cells  v^hich  are  within  the  gut  cytoplasm  (g)  and  in 
the  neighboring  sections  this  approaches  almost  to  the  di- 
minutive lumen  (phi').   The  change  from  this  to  the  adult 
pharynx  is  the  completion  of  the  lumen  and  the  breaking 
through  of  the  mouth.   The  formative  cells  which  have  built 
the  young  pharynx  lose  their  identity  as  such  and  their  nn- 
clei  change  during  the  next  day  or  two  into  the  smaller  nu- 
clei of  the  adult  pharynx  some  of  them  still  retaining  nu- 
cleoli such  as  are  always  present  in  the  formative  cells 
and  often  in  the  other  cells  of  the  body  excepting  the  ec- 
toderm. 

The  changes  in  the  nervous  system  have  been  describ- 
ed by  Bardeen  (1901),  and  Flexener  ('98),   I  have  nothing 
to  add  to  their  observations. 

Regarding  the  close  association  between  the  forma- 
tive cells  and  the  gut  which  was  mentioned  in  the  stage 
represented  by  figure  39,  I  have  these  additional  observa- 
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tions.   At  the  anterior  end  of  the  gut  in  tail  pieces  where 
the  median  ramus  grows  out  (Fifrs,  5  and  17)  sections  show 
a  very  intimate  connection  between  the  formative  cell  and 
the  cells  of  the  gat.      The  r^ut  (Figs.  35-4S,  g)  in  well 
fed  worms  has,  as  is  commonly  known,  the  appearance  of  a 
syncitium  enclosing  vacuoles  (v)  and  masses  of  digesting 
food.   The  outlines  of  the  cells  are  difficult  of  demon- 
stration.  Figure  42  represents  a  sagittal  section  through 
the  anterior  tip  of  the  mt    (see  Fig.  16).   The  anterior  is 
to  the  right  and  the  magnification  Zeiss  "/^  x  2.   The  pa- 
renchyma syncitium  (sn)  with  its  ovm  nuclei  (np)  and  also 
scattered  formative  cells  are  shown.   Some  of  the  last  are 
removed  from  the  gut,  but  there  are  many  which  are  closely 
applied  to  it  as  in  the  lower  half  of  the  figure  and  even 
extend  up  into  the  gut  mass  some  distance.   There  are  still 
others  which  are  entirely  surrounded  by  the  gut  cytoplasm 
and  show  in  their  own  cytoplasm  small  vacules  a  thing  I 
have  never  observed  in  foiTnative  cells  anywhere  else  and 
which  seems  additional  proof  that  they  are  being  added  on 
to  the  gut  by  their  cytoplasm  fusing  with  the  ";ut  cytoj^lasm, 
Many  of  the  gut  nuclei  show  a  nucleolus  exactly  like  that 
of  the  formative  cell,  but  since  nucleoli  are  sometimes 
found  in  nuclei  of  various  sorts  in  the  adult  and  normal 
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worms  one  cannot  make  too  much  of  this.   The  crises  where 
the  formative  colls  cytoplasm  and  all  are  within  the  f^ut 
are  the  strongest  link  {see  also  Fif.  39,  g   and  s).   I  have 
observed  formative  cells  seemingly  entirely  surrounded  by 
gut  cytoplasm  at  other  places  than  the  anterior  and  poste- 
rior face  of  the  new  median  ramus.   This  is  not  so  remark- 
able since  many  small  branches  are  everywhere  grov/ing  out 
from  the  main  rami  at  this  time  and  it  would  not  be  strange 
if  the  process  occurred  elsewhere,  but  I  have  never  seen 
any  such  number  of  formative  cells  so  intimately  connected 
with  tl:e  gut  as  at  the  anterior  tip  of  the  new  median  ra- 
mus.  As  there  is  no  other  place  where  the  gut  is  being  re- 
modeled to  such  a  marked  degree  this  is  what  might  be  ex- 
pected. 

That  the  formative  cells  of  the  parenchyma  become  ad- 
ded on  to  the  gut  in  some  places  would  seem  a  remarkable 
thing.   The  entire  absence  of  observed  cases  of  mitotic 
figures  among  gut  nuclei  diiring  tho  time  when  the  animal 
was  growing  so  rapidly  and  the  gut  of  coarse  likewise  in- 
creasing would  be  something  at  least  in  favor  if  not  evi- 
dence for  such  a  possibility.   If  it  should  be  objected 
that  neither  had  mitosis  been  seen  in  ectoderm  I  can  call 
attention  to  the  way  in  which  the  rhabdites  obscure  many 
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ectodermal  nuclei  while  the  nuclei  of  the  gut  are  readily 
seent   It  is  a  difficult  case  to  prove,  but  I  can  only  be- 
lieve from  s\ich  instances  as  are  shown  in  figures  39  and 
42  that  where  the  new  anterior  ramus  develops  some  forma- 
tive cells  are  added  on  and  become  gut  cellst   The  intimate 
association  of  the  two  seems  to  admit  of  no  other  interpre- 
tation and  if  this  is  the  case  one  must  ascribe  a  remarka- 
ble versatility  to  the  formative  cells  when  their  whole 
history  in  regeneration  is  considered. 

Whether  the  stages  intermediate  between  parenchyma 
and  formative  cells  represent  parenchyma  originating  from 
formative  cells  or  the  reverse  I  leave  an  open  question. 
That  the  formative  cells  which  always  occur  in  PI.  maculata 
in  some  number  and  in  very  great  numbers  during  the  season 
of  fission,  are  the  basis  for  the  regeneration  following 
normal  fission  there  can  be  no  question.   The  existence  of 
these  cells  and  their  role  in  regeneration  in  many  other 
Planarians  and  Rhabdocoeles  has  been  recorded  as  siiown  in 
my  review  of  the  subject.   The  latter  has  been  thoroughly 
described  in  Rhabdocoeles,  but  not  figured  at  all  or  tho- 
roughly studied  in  the  Triclads.   My  observations  on  the 
existence  and  role  of  such  cells  in  PI.  maculata  do  not 
therefore  stand  alone. 
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Starting  with  these  formative  cells  which  are  con- 
tinually increasing  their  number  (see  mitotic  divisions  in 
the  figures)  we  get  ectoderm,  parenchyma,  tissue  of  adult 
head,  according  to  Flexener  ('98)  ganglion  cells,  pharynx, 
and  probably  parts  of  the  <^t.   As  far  back  as  we  can  go, 
viz:,  to  the  many  self-sustaining  and  multiplying  forma- 
tive cells  everything  is  to  be  referred  to  these  little 
differentiated  cells  which  may  become  almost  anything. 
There  is  nothing  in  the  process  as  I  have  seen  it  to  indi- 
cate the  degeneration  of  a  highly  specialized  adult  tissue 
into  something  simpler  and  from  this  the  building  of  new 
organs.   I  regret  exceedingly  that  I  have  not  had  the  op- 
portunity to  study  and  compare  what  occurs  in  specimens 
artificially  cut  in  two  at  just  the  place  where  fission 
normally  occurs.   Prom  the  description  of  Flexener  ('98)  of 
PI.  maculata  and  Keller's  (*94)  statements  as  to  the  forms 
he  studied  I  can  hardly  see  how  there  can  be  any  different 
processes  carried  on  in  the  regeneration  after  artificial 
cutting  except  that  the  excess  of  formative  cells  in  ani- 
mals which  are  multiplying  asexually  may  make  the  process 
easier  to  follow. 

A  structure  which  I  have  found  to  a  varying  extent 
in  almost  all  the  specimens  examined  from  localities  where 
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fission  is  in  progress  is  shown  as  2L  in  a  number  of  the 
figures  (Figs.  .35,  36  and  41),   There  are  lying  in  the  pa- 
renchyma, mostly  in  the  dorsal  region,  masses  of  large 
cells  the  outlines  of  v/hich  are  not  always  easily  discern-- 
able.   They  are  not  connected  with  the  gut  in  any  way  nor 
do  they  resemble  any  striictures  which  I  have  ever  found  de- 
scribed for  the  Planaria.   They  can  best  be  characterized 
by  saying  that  they  have  the  appearance  of  gut  cells  with- 
out any  vacuoles,  for  their  nuclei  are  very  much  like  those 
of  the  gut  and  their  cytoplasm  stains  in  the  same  way,  but 
they   are  not  found  connected  with  the  gut  in  any  way. 
They  are  furthermore  not  at  all  like  the  first  beginnings 
of  the  reproductive  organs  and  although  I  have  held  many 
theories  as  to  their  significance  I  cannot  offer  even  a 
plausible  conjecture  of  their  meaning.   J'y  reason  for  men- 
tioning them  is  that  they  are  usually  a  striking  feature  of 
animals  from  an  asexual  locality. 
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V.    THE  ANATOMY  OF  THE  PUT.LY  DEVELOPED  REPRODUCTIVE 
ORGANS. 


During  the  summer  of  1R9S,  v/l;ile  at  the  Marine  Bi- 
ological Laboratory,  Wood's  Holl  ,  ^!ass.  ,  I  became  interest- 
ed in  studj'^ing  some  very  large  specimens  (15  to  20  mm,  in 
length)  of  Planaria  maculata.   These  were  found  in  the 
ponds  near  Falmouth  and  with  them  large  numbers  of  eggs 
Y/hich  thej'^  lay  during  May  and  early  June.   Reproductive  or- 
gans were  of  course  fully  developed  in  these  specimens  and 
I  studied  their  anatomy  casually  while  endeavoring  to  ascer- 
tain  ne'.Y  facts  regarding  the  function  of  the  uterus,  penis, 
etc.  ,  during  the  egg-laying.   At  this  juncture  I  v/-as  sur- 
prised to  read  in  a  recent  paper  by  Woodworth  ('97)  the 
follo'ving  sentence,  "Planaria  maculata  is  the  commonest 
of  our  fresh  water  planarians  and  was  the  first  one  to  be 
described  (Leidy,  1B4R,  however,  nothing  has  been  publish- 
ed regarding  its  sexual  organs,  and  I  am  unable  to  offer 
anything  in  this  regard;  not  one  of  the  hundreds  of  speci- 
mens that  came  under  my  observation  was  sexually  mature." 

Since  the  anatomy  of  the  most  complex  system  of  or- 
gans in  this  cominon  spocies  is  'Entirely  unknown  Oi'  at  least 
unrecorded  I  have  availed  myself  of  the  opportunity  to 
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study  thfim  in  their  fully  developed  state  and  I  shall  de- 
scribe the  main  features  of  their  structure  although  there 
is  nothing  strikingly  different  from  what  has  been  found  in 
closely  related  forms.   The  relative  position  of  the  dif- 
ferent parts  may  be  seen  from  Figure  56,  though  this  repre- 
sents them  in  an  immature  condition.   The  atrial  organs  are 
shown  by  dorsal  and  lateral  views  (Pigs.  33  and  34).   From 
Figure  56  it  is  seen  that  the  testes  are  numerous  and  ex- 
tend from  the  region  of  the  ovaries  almost  to  the  tail.  Al- 
though a  few  large  follicles  are  to  be  found  extending  up 
between  the  rut  lobes,  the  rest  are  packed  closely  together 
in  the  ventral  region  and  never  found  dorsal  to  the 
gut.   Their  lateral  extent  is  seen  in  a  transverse  section 
of  the  animal  (Pig.  60)  to  be  from  a  point  about  half  way 
between  the  lateral  margin  and  the  nerve  cord  to  within  a 
short  distance  of  the  median  line.   In  front  of  the  pharynx 
and  behind  the  genital  atrium  each  nerve  cord  divides  the 
testes  of  its  side  in  such  a  way  that  in  toto  preparations 
there  often  appear   two  irregular  rows  on  either  side  while 
in  the  region  of  the  pharynx  and  genital  atrium  the  inner 
row  of  either  side  is  lost.   Everywhere  they  are  close  to- 
gether and  from  the  ovaries  to  the  tail  hardly  a  transverse 
section  can  be  found  that  does  not  cut  a  half  dozen  or 
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more.  In  longitudinal  sections  they  are  found  closely  fol- 
lowing one  another,  there  being  about  seventy-five  on  eith- 
er side. 

The  testicular  canals  (vasa  efferentia)  are  every- 
where found  connecting  one  testis  with  another  or  the  tes- 
tes with  the  vasa  deferent ia.   It  has  seemed  to  me  in  study- 
ing these  fine  canals  that  there  is  no  reason  for  doubting 
that  each  testis  has  a  definite  c  mnection  either  directly 
or  through  intervening  testes  with  the  vas  deferens  of  its 
side.   In  species  with  a  smaller  number  of  testes  it  is  not 
difficult  to  discover  the  connection  of  each  testis  with 
the  vas  deferens.   In  Planaria  maculata  the  testes  communi- 
cate with  one  another  or  with  the  vas  deferens  in  the  same 
way  and  it  is  only  their  great  number  which  makes  the  exact 
connection  impossible  to  establish  in  many  cases. 

During  the  egg-laying  season  the  vasa  deferentia 
(Figs.  S3  and  34,  v  d)  may  be  found  as  very  fine  tubes  ex- 
tending from  the  most  anterior  testes  and  everywhere  re- 
ceiving testicular  canals.   Their  diameter  increases  in  the 
region  of  the  pharynx  and  swollen  with  spermatozoa  they  be- 
come the  seminal  vesicles  ^s  in  other  Planaria.   In  the 
live  worm  they  may  be  seen  through  the  ventral  surface  as 
two  whitish  masses  on  either  side  in  the  region  of  the 
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pharynx.   Posteriorly,  the  seninal  vesicles  narrow  suddenly 
and  the  smaller  tubes  thus  fomed  turn  with  a  sharp  an.'^Le, 
inount  dorsally  and  then  turn  ventrally  to  the  base  of  the 
penis  where  each  opens  into  an  enlargement  (en)  of  the  pe- 
nis lumen.   This  lumen  is  of  considerable  size  and  has  a 
blind  anterior  end,  but  is  drawn  out  posteriorly  into  a 
finer  tube  and  opens  by  a  small  aperture  on  the  free  end  of 
the  penis  (p).   The  penis  (Figs.  33  and  34,  p)  is  short 
and  thick,  closely  invested  by  the  walls  of  its  cavity  and 
pointing  dovmward  and  backward  at  an  angle  of  about  45  . 
Along  its  median  posterior  face  it  joins  the  atrium  by  a 
thin  mesentery-like  fold  so  that  a  sagittal  section  (Fig. 
34)  shows  as  though  there  were  only  a  shallow  furrow  around 
the  penis  posteriorly.   The  outline  of  such  a  sagittal  sec- 
tion is  given  in  Figure  34  and  the  depth  of  the  atri\Am  im- 
mediately on  either  side  of  this  is  indicated  by  a  dotted 
line.   Behind  this  anterior  part  which  contains  the  penis 
the  atrium  is  narrowed  abruptly.   It  is  worth  noting  that 
the  longitudinal  axis  of  the  penis  does  not  point  in  the 
direction  of  this  opening  (Fig.  34),  but  downward  and  back- 
ward as  above  described  and  thus  the  free  end  of  the  penis 
lies  somewhat  below  the  opening  through  which  it  must  pass 
when  protruded.   The  contraction  of  muscle  fibres  in  the 
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mesenteric-like  fold  may  perJi^ps  aid  in  guiding  the  penis 
out  postex'iorly.   The  naiTow  portion  of  the  atrium  soon 
widens  abruptly  by  sending  a  larger  branch  ventrally  and 
slightly  backward  to  communicate  with  the  outside  at  the 
genital  pore  (g  p  ) .   At  the  upper  posterior  angle  of  the 
mam  atrial  cavity  the  vagina  (v  a  )  extends  dorsally  and 
posteriorly.   This  short  canal  which  I  designate  as  vagina 
reaches  almost  to  the  basal  membrane  on  the  dorsal  side, 
before  it  splits  into  the  stalk  of  the  uterus  running  ante- 
riorly and  the  common  oviduct  running  posteriorly  on  the 
mid-line  (Figs,  33  and  34),   The  atrial  cavity  extends  pos- 
teriorly a  short  distance  beneath  the  vagina  and  is  here 
thrown  into  one  or  two  large  folds  which  run  lengthwise. 
These  folds  are  glandular  and  are  perhaps  homologous  with 
tlie  "musculo-drTlsen"  organs  mentioned  by  Ijima  ('84)  in  his 
description  of  Polycelis  tenuis,  though  they  are  not  con- 
stant in  shape  or  occurrence  and  the  cavity  of  the  atrium 
is  no  farther  complicated  than  by  the  division  into  an  an- 
terior portion  containing  the  penis  and  a  posterior  which 
receives  the  female  elements.   Besides  the  secretions  of 
the  unicellular  fllands  which  surround  the  atrium  and  enter 
the  vagina  the  epithelium  lining  of  the  atriiim  seems  to  be 
actively  at  work  producing  a  secretion  which  appears  as 
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spherical  masses  detaching  themselves  from  the  cells  and 
covering  the  surface  sevei-al  layei's  deep. 

The  stalk  of  the  uterus  as  above  mentioned  extends 
forward  from  the  vagina  along  the  mid-line  as  a  small  tube 
which  in  many  sections  shows  indications  of  contraction  for 
the  outline  of  its  lumen  is  folded.   In  front  of  the  penis 
it  expands  into  a  spherical  uterus  such  as  is  found  in  many 
Planarians  (Pigs.  33  and  34  u).   During  the  egg-laying  sea- 
son this  cavity  when  seen  in  transverse  section  is  as  large 
as  the  pharangeal  pocket  and  extends  right  up  to  the  dorsal 
and  ventral  basal  membranes.   Within  the  uterus  I  have 
found  what  were  unquestionably  masses  of  spermatozoa  since 
they  had  the  same  appearance  as  the  spermatozoa  found  in 
the*«  seminal  vesiclos.   In  some  instances  I  also  found 
what  appeared  to  be  the  egg-capsules  in  process  of  forma- 
tion.  Almost  every  live  specimen  when  seen  from  the  ven- 
tral side  shows  a  reddish  brown  mass  in  the  position  of 
the  uterus,  as  thoixgh  the  uterus  contained  one  of  the  brown 
egg-capsules.   This  color  must,  however,  be  due  to  the  col- 
or of  the  uterus  itself,  for  it  shows  exactly  the  same  when 
there  is  no  trace  of  a  capsule. 

The  ovaries  (Fig.  56,  o)  lie  about  one-fourth  the 
entire  length  of  the  animal  from  its  anterior  end  and  are 
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in  the  usual  ventral  position  just  inside  tl^ie  nerve  cord. 
They  are  of  considerable  size  often  more  in  diameter  than 
one-half  the  dorso-ventral  thickness  of  the  specimen.   Fig, 
ure  52  represents  a  transverse  section  through  an  ovary  and 
also  cuts  a  part  of  the  oviduct  (o).   The  ova  in  the  sex- 
ual season  ai*e  of  all  sizes,  but  the  majority  of  them  are 
very  large  and  toward  the  centre  the  largest  ones  are  found 
entirely  free  and  within  the  head  of  the  oviduct.   Ai-ound 
the  periphery  are  considerable  numbers  of  small  nuclei 
(ctn),  vhose  cytoplasm  has  apparently  gone  to  form  a  syn- 
citial  framework  which  extends  throughout  the  ovary  and  in 
which  the  ova  are  embedded. 

There  is  nothing  like  a  parovarium  in  the  mature 
worm  or  at  any  stage  which  I  have  seen  of  the  developing 
reproductive  organs  and  the  ovary  is  compact  without  ir- 
regular lobes  extending  into  the  parench:.Tna. 

The  oviducts  lead  from  the  outer  side  of  either 
ovary  and  extend  posteriorly  just  above  the  nerve  cord. 
Their  walls  consist  of  but  a  single  layer  of  cells.   In 
some  particularly  good  preparations  I  am  quite  sure  that  I 
have  detected  posteriorly  directed  cilia  in  t!^e  liunen. 
Back  of  the  atriiim  the  oviducts  converge  and  mount  to  the 
dorsal  side  and  as  they  approach  the  mid-line  turn  forward 
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to  \inite  as  the  conunon  oviduct  the  relation  of  v/hich  to 
the  utemxs  and  vacina  has  boen  pointed  out. 

The  mature  yolk  glands  are  connected  with  the  ovi- 
duct everywhere  along  its  length.   Only  one  kind  of  cell 
is  to  be  found  in  the  ripe  yolk  glands  and  these  are  loose 
in  the  cavity  like  so  many  enonnous  spermatids  in  a  testis. 
These  yolk  glands  extend  everywhere,  filling  the  space  on 
the  dorsal  side  and  between,  the  gut  lobes  so  corapletely 
that  there  seems  little  room  left  for  parenchjnna.   As  they 
are  kept  out  of  the  ventral  region  by  the  numerous  testes 
the  result  is  that  they  are  dorsally  placed.   They  do  not 
have  any  definite  position  like  the  testes,  which  remain  in 
that  part  of  the  parenchyma  where  they  first  appear,  but 
seem  rather  to  have  gi^own  in  and  taken  all  the  space  that 
v/as  left.   Anteriorly  they  extend  only  a  sliort  distance  in 
front  of  the  ovary,  but  like  the  testes  extend  back  almost 
to  the  tail. 
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VI,   THE  DEGENERATION  OF  THE  ADULT  REPRODUCTIVE  ORGANS. 


After  the  egg-laying,  stag'js  in  the  deg'^neration  of 
the  reprodiictive  organs  may  be  readily  found.   The  Table 
shown  bolow  represents  these  stages  as  I  have  found  them. 
After  knowing  the  development  de  novo  of  the  organs  in 
small  specimens  these  stages  will  be  seen  to  represent 
something  qi.iite  different  from  the  developmental  stages  and 
when  the  months  of  the  year  at  which  they  occur  are  noted 
they  cannot  signify  anything  but  the  stages  of  degenera- 
tion.  Out  of  a  considerable  number  of  cases  I  have  select- 
ed six  as  showing  all  that  is  necessary  and  these  with  the 
month  at  which  they  were  found  are  indicated  in  the  first 
column.    In  the  columns  following  the  presence  or  absence 
of  the  ovaries,  yolk-glands,  atrial  orr:ans,  vasa  deferent ia 
and  testes  is  indicated  and  peculiar  cases  by  some  comment. 
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The  testes  by  about  the  tenth  of  June,  althou,[3h 
still  large,  have  a  much  smaller  number  of  spermatozoa  and 
fewer  mother-cells  in  their  walls.   They  seem  to  become  ex- 
hausted by  the  using  up  of  all  the  gerra  cells  so  that  noth- 
ing remains  but  a  cleft  in  the  parenchyma  which  then  col- 
lapses.  Contrary  to  Chichkoff's  ('92)  view  (p. 522)  that 
portions  of  the  testes  in  the  fonns  he  studied  remain  and 
produce  the  new  testes  of  the  next  year,  I  cannot  find  that, 
in  Planaria  maculata.  any  sign  of  the  old  testes  remains. 
The  disappearance  of  the  testes  is  therefore  the  first 
stage  in  the  degeneration.   This  may  be  compared  with  Wood- 
worth's  {'91)  mention  of  what  occurs  in  Phap:ocata  graci- 
lis.  He  says,  p.  30,  "w?iile  the  yolk-glands  are  still  in 
an  early  stage  of  development,  spermatogenesis  has  been 
completed,  the  testes  have  disappeared  and  the  spermatozoa 
are  found  filling  the  vasa  deferent  ia'' ,  and  again,  p.  31, 
"after  the  spermatozoa  have  found  their  way  through  the  va- 
sa deferentia  all  traces  of  the  testes  disappear".   In 
Planaria  maculata  the  vasa  deferentia  persist  for  some  time 
after  the  disappearance  of  the  testes  and  are  to  be  found 
reaching  almost  to  the  ovaries  as  in  specimen  2  of  the  Ta- 
ble. 

The  third  case  in  the  Table  is  tlie  most  important. 
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Testes,  vasa  deferentia  and  yolk-glands  have  disappeared. 
The  ovaries  with  their  oviducts  v/hich  extend  back  as  far 
as  the  atriiim  remain  intact,  but  in  the  region  of  the  atri- 
um are  found  only  the  remains  of  the  atrial  organs.   Fig- 
ure 51  represents  what  several  consecutive  longitudinal 
sections  sliow  in  this  region.   There  are  some  structureless 
masses  at  the  position  of  the  uterus  (u) ,  a  cavity  (c)  at 
the  place  where  the  penis  would  be  normally  found  and  a 
small  pit  in  the  ventral  surface  (ap)  which  represents  the 
atrial  pore,  but  there  is  no  connection  between  these  por- 
tions.  The  further  degeneration  as  illustrated  by  speci- 
mens 4,  5,  and  6  of  the  Table  shows  the  reduction  of  the 
atrium  to  a  mere  collection  of  nuclei,  the  disappearance 
of  the  oviducts  and  the  reduction  of  the  ovaries  to  insig- 
nificant masses  containing  only  a  few  ova  (Fig.  50).   The 
collection  of  nuclei  at  the  position  of  the  atri^om  has  the 
appearance  of  forty  or  fifty  small  parenchyma  nuclei  such 
as  are  shown  in  figures  42  and  43,  np ,  which  surround  and 
are  embedded  in  the  edges  of  a  small  area  that  takes  a 
good  deal  of  any  plasma  stain  and  is  more  dense  than  the 
cytoplasm  of  the  surrounding  parenchyma.   The  normal  fis- 
sion begins  at  stages  of  degeneration  when  the  old  ovaries 
and  oviducts  and  some  trace  of  the  atrium  still  remain 
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(specimen  3  in  the  Table)  ,  and  since  the  plane  of  fission 
is  just  in  the  region  of  the  disappearing  atrium  some  cases 
in  which  the  atriimi  had  entirely  disappeared  much  sooner 
than  in  others  can  be  attributed  to  the  early  occurrence  of 
the  fissiont 

The  Table  traces  the  stages  of  degeneration  do\vn  to 
a  condition  where  very  small  rudiments  of  the  ovaries  re- 
main and  sometimes  some  nuclei  to  nark  the  old  atrium. 
There  can  be  no  mistaking  an  old  ovary  (Fig.  50)  for  one 
just  developing  (Fig,  49),  although  the  number  and  size 
of  the  ova  may  be  about  the  same  in  a  single  section  and 
this  condition  is  hardly  questionable  as  the  last  stage  in 
the  degeneration  of  the  sexual  orn;ans.   The  normal  fission, 
which  sets  in  about  this  time,  by  cutting  off  tail  pieces, 
makes  many  good  sized  worms  which  have  no  sign  of  the  old 
organs,  and  the  young  of  the  same  year  have  increased  in 
size  to  sucl-i  an  extent  that  they  can  be  no  longer  distin- 
guished from  the  worms  resulting  from  the  fission  of  the 
adults.   Specimen  6  shows,  however,  that  the  production  of 
the  new  reproductive  organs  as  fall  approaches  does  to  a 
certain  extent  overlap  with  the  degeneration  of  the  old. 
In  such  cases  while  portions  of  the  old  organs  still  remain 
there  are  cords  of  cells  appearing  in  the  parenchyma  above 
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either  nerve  cord  which  later  give  rise  to  the  testes. 
Such  a  cord  is  shown  in  Figure  4G,   The  oi'igin  and  later 
history  of  these  cords  and  masses  of  cells  will  be  taken  up 
under  the  development  of  the  organs  in  small  worms.   Wheth- 
er the  old  ovary  in  original  head  ends  in  v;hich  it  exists 
ever  develops  into  the  new  one  I  cannot  tell  as  the  origi- 
nal head  pieces  are  of  course  like  all  the  other  worms  ex- 
ternally and  none  of  the  specimens   section  sliov^ed  anything 
to  give  a  clue.   The  majority  of  the  individuals  not  being 
original  head  ends  with  the  remains  of  -.n  old  ovary  must  of 
course  develop  all  their  organs  anew  in  che  fall.   This  de- 
velopment of  the  reproductive  organs  in  small  worms  col- 
lected from  sexual  localities  in  the  early  fall  is  what  I 
described  in  a  preliminary  paper  last  year  and  will  here 
follow  through  more  in  detail. 

VII.   TJIE  PF.VEL0PI:E1IT  of  TflE  REPRODUCTIVE  ORGAIIS  IN 

SMALL  W0RJ.1S. 

Lang's  ('S2)  statement  that  the  sex  cells  of  Plan- 
arians  arise  from  the  epithelium  of  the  gut  has  so  far  as 
I  know  never  been  confirmed  and  I  think  we  may  set  it  do'ffn 
as  an  error  in  the  interpretation  of  his  data.   Beyond  this 
and  the  mere  statements  that  the  testes  are  at  first  solid 
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and  that  the  oviduct  begins  as  h   solid  rod  of  cells,  he 
says  nothing  of  the  development. 

The  description  of  the  development  given  by  Ijima 
('84)  seems  to  be  correct  as  far  as  it  ^oes  and  he  indica- 
ted the  essential  parts  of  the  process  quite  correctly. 
Ke  says  that  the  development  of  the  atriiim  and  penis  is 
like  a  repetition  of  the  process  by  v/hich  the  pharyngeal 
pocket  and  pharynx  is  for*med  since  it  begins  as  a  cleft 
among  a  mass  of  mesoderm  cells  from  the  anterior  wall  of 
which  cleft  the  penis  grows  out,   Ijima  also  described  the 
sex  cell  and  the  yolk  glands  as  developing  in  situ  from  in- 
dividual cells  of  the  mesoderm. 

Woodworth  ('91)  describes  the  yolk  glands  of  Phago- 
cata  gracilis  as  originating  by  oxitgrowths  from  the  parova- 
ria! masses  found  in  that  species  and  disputes  Ijima' s  de- 
scription of  their  origin  in  situ,   Chichkoff  ('92)  in- 
clines to  Woodworth's  view  although  with  no  observations  of 
his  own. 

Since  none  of  the  foregoing  work  offers  a  complete 
description  of  the  development  of  the  sexual  organs  I  sub- 
mit the  description  of  this  process  which  follows.   I  must 
preface  this  account  by  saying  that  I  do  not  know  whether 
the  stages  I  am  describing  are  from  egg-embryo  worms  or 
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f i-om  wowns   which  have  been  reduced  to  a  small  size  by  a 
period  of  asexual  multiplication.   A  reference  to  the  sec- 
tion at  t}:e  beginning  of  this  paper  upon  the  life  history 
of  Planaria  maculat a  in  different  localities  will  explain 
this  statement.   In  the  locality  niornbered  (1)  p.  9)  it 
will  be  seen  that  after  the  eggs  are  laid  the  reproductive 
organs  disappear  and  the  process  of  fission  soon  reduces 
the  adults  to  such  proportions  that  they  are  indistinguish- 
able from  the  rapidly  growing  young.   Presumably,  the  end 
products  of  asexual  multiplication,  being  otherwise  indis- 
tinguishable from  the  embryos  of  any  year,  will  develop 
their  reproductive  or^^ans  in  the  same  v^ay,  but  until  the 
two  have  been  isolated  and  reared  there  is  of  course  >|o  way 
of  certainly  ascertaining  this.   Th'3  follo'.ving  description 
is  based  upon  specimens  taken  from  sexual  localities  in  the 
fall  and  I  have  no  way  of  telling  what  has  been  the  previ  - 
ous  history  of  any  of  them.   However,  the  study  of  some 
twenty-five  or  thirty  specimens  v^hich  had  boen  cut  into  se- 
rial sections  did  not  bring  to  licht  anything  which  led  me 
to  suspect  two  courses  of  development,  one  for  the  egg-em- 
bryo worms  and  another  for  those  which  are  the  end  products 

of  a  season  of  asexual  multiplication. 

In  September  of  1899  I  collected  small  specimens 
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5-8  nim,  ,  in  the  vicinity  of  Baltimore  which  upon  examina- 
tion showed  their  reproductive  orp;ans  just  developing. 
These  stages  have  since  been  supplemented  by  specimens  from 
the  same  locality  and  from  the  Falmouth  ponds  in  the  fall 
of  1900. 

The  first  indication  of  the  developing  reproductive 
organs  is  the  appearance  in  the  parenchyma  along  the  line 
just  above  either  nerve  cord  of  rounded  or  cord-like  masses 
of  cells.   Formative  cells  such  as  have  been  previously 
described  (Figs.  42   and  43,  s)  are  abundant  in  this  re- 
gion and  their  frequent  mitotic  figures  show  that  they  are 
multiplying  rapidly.   Such  a  mass  Trt   cord  of  cells  is  shovm 
in  Figure  46  as  it  lies  surrounded  by  the  parenchyma.  At 
this  early  stage  there  can  be  no  question  that  these  masses 
are  made  up  of  formative  cells.   At  a  slightly  later  stage 
when  one  can  distinguish  the  incipient  testes  (Fig.  47) 
from  the  cords  which  are  to  form  the  yolk  glands  (Fig.  44) 
the  cell  outlines  are  no  longer  visible  and  although  the 
general  shape  of  the  nuclei  with  the  characteristic  nucle- 
oli (Figs.  44-47)  are  the  same  as  those  found  in  the  for-ma- 
tive  cells  (Figs.  42  and  43)  this  alone  v/ould  not  be  suffi- 
cient to  establish  the  origin  of  the  male  and  female  ele- 
ments from  the  forraative  cells.   It  is  the  abundance  of 
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such  sta-i^es  as  Fi^ire  6  represents  which  demonstrates  be- 
yond question  the  origin  of  the  testes  and  yolk  glands  from 
the  foiTOative  cells  of  the  ventral  region. 

The  stages  by  which  the  solid  rudiments  of  the  tes- 
tes (Figs.  47  and  48)  produce  the  mature  organs  by  the  di- 
vision of  the  cells  lying  toward  the  centre  (Fig.  48)  have 
been  repeatedly  mentioned  by  other  workers.   When  the  tes- 
tis first  becomes  distinct  as  such  (Pig.  47)  the  cell  out- 
lines C'innot  be  satisfactorily  made  out  excopt  in  the  di- 
viding or  reconstructing  cells  (Fig.  48)  toward  the  centre. 
It  is  the  same  in  the  case  of  the  incipient  yolk-glands  but 
these,  from  the  time  they  can  be  distinguished  as  yolk- 
glands,  are  foimd  v/ith  two  kinds  of  nuclei  (Fig,  44).   In 
the  yolk-gland  rudiments  it  is  as  though  the  cytoplasm  of 
the  smaller  cells  were  making  a  stroma  in  which  to  swing 
the  large  nuclei.   A  similar  condition  is  noticed  in  the 
adult  ovary  (Fig.  52).   At  the  time  the  testes  are  distin- 
guishable as  many  spheres  of  cells  (Figs.  47  and  48)  lying 
along  on  either  side  of  the  body  (Fig.  53)  the  ovary  can 
be  distinguished  just  in  front  of  the  most  anterior  testis 
and  is  quite  characteristic  in  its  appearance  (Fig.  49), 
I  believe  that  the  ova  arise  from  formative  cells  though 
they  show  their  characteristic  nuclei  so  early  that  their 
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orifjin  is  not  as  evident  as  in  tlie  case  of  the  testes  and 
yolk  glands  (Fig.  46),   At  the  stage  shown  in  Figure  49 
there  are  already  among  the  young  ova  smaller  nuclei  (ctn) 
and  these  I  consider  homologous  with  the  smaller  nuclei 
found  through  the  connective  tissue  framework  of  the  adult 
ovary  (Fig.  52  ctn). 

The  development  of  the  different  elements  of  the  re- 
productive system  in  relation  to  one  another  is  sho'.vn  by 
the  diagranxnatic  Figures  53-56,   Figure  o  represents  a 
stage  at  which  the  ovaries  (o)  and  testes  (t)  can  be  dis- 
tinguished.  There  is  as  yet  no  sign  of  any  atrium.   At  a 
stage  slightly  older  than  the  above  (Fig.  54)  there  appears 
in  the  region  of  the  genital  atrium  a  cloft  in  the  paren- 
chjnna  (Figs.  57  and  45).   This  is  preceded  by  a  noticeable 
collecting  of  parenchyma  nuclei  at  this  spot  (Fig.  45,  n) , 
but  I  have  not  found  stages  which  establish  the  origin  of 
these  from  formative  cells.   Lining  the  cleft  an  epithelium 
is  formed.   In  this  stage  there  is  present  along  tlie  line 
of  the  future  oviduct  a  long  cord  of  cells  a  portion  of 
which  is  shown  in  Figure  44.   This  extends  from  the  region 
of  the  ovary  backward  along  above  the  nerve  cord  past  the 
beginning  of  the  atrixim  and  well  down  into  the  tail.   There 
are  at  this  time  no  other  cell  cords  of  this  sort  in  any 
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part  of  the  worm  except  close  alongside  and  connectinc  v/ith 
this  main  stem  in  places  where  it  is  double  for  a  short 
distance.   Such  a  stage  might  be  represented  by  a  diagram- 
like Figure  54. 

Following  this  there  are  to  be  found  along  the  line 
of  each  oviduct  (Fig.  55)  many  cords  of  cells  seeming  to 
have  grown  out  from  the  original  one,  at  any  rate  they  are 
connected  with  it.   I  can  only  conjecture  how  the  oviduct 
is  formed  as  I  have  not  found  any  interpretable  stages. 
The  occurrence  of  the  cord  of  cells  such  as  is  shown  in 
(Figures  44  and  54   along  in  just  the  position  where  the 
oviduct  subsequently  appears  sugr;ests  that  this  cell  cord 
is  in  some  way  transformed  into  the  oviduct.   It  has  occur- 
red to  me  that  such  a  thing  miglit  come  about  by  the  migra- 
tion of  the  large  cells  (Fig.  44)  out  from  the  main  axis 
leaving  the  smaller  nuclei  embedded  in  their  own  fused  cy- 
toplasm, which  subsequently  becomes  hollo'.ved  out  to  fonn 
the  oviduct.   The  masses  of  larger  cells  would  then  re- 
main connected  with  this  as  the  finger-like  processes  of 
the  young  yolk-glands  (Fig.  55)  are  later  connected  with 
the  newly  forwed  oviducts.   In  Plana ria  simplissima  I  sliov/- 
ed  (1900)  that  the  yolk-glands  originated  as  outgrowths 
from  tlie  oviducts  and  this  makes  more  plausible  the  origin 
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of  the  oviduct  in  PI.  macula ta  in  the  nanner  I  hav°  j^^st 
suggested. 

V/hilo  I  have  not  si^cceeded  in  ascertaining  the  his- 
tological processes  by  which  the  oviducts  are  formed,  they 
are  laid  down  close  to  if  not  exactly  along  the  main  axes 
of  the  cell  cords  shown  in  Fif^ure  54  during  the  time  that 
the  yovmg  yolk-glands  (Fig.  55,  y)  are  appearing.   An  un- 
questionable oviduct  is  found  in  the  stage  which  Figure  55 
represents  and  posterior  to  the  rudiments  of  the  atriiim 
this  newly  formed  oviduct  is  continuous  with  a  cord  of 
cells  such  as  in  the  earlier  stage  {Fig,  54)  extended  from 
the  ovary  to  the  tail.   The  original  cox-ds  of  cells  are  no 
longer  found  in  the  area  occupied  by  the  oviducts.   Tl-iis 
sug/rests  that  the  cord  of  cells  shovm  in  Figure  54  has  in 
some  way  been  transformed  into  the  oviduct  over  most  of 
its  length.   In  Figure  55  the  atriujn  is  found  far  enough 
developed  to  have  the  different  parts  clearly  marked. 

In  the  next  figure  (56)  which  is  practically  adult 
there  remains  stretching  down  into  the  tail  upon  either 
side  a  branching  rod  of  cells  which  is  destined  to  become 
the  yolk-glands  of  the  posterior  end.   It  can  be  readily 
traced  v/ith  its  branches  as  indicated  in  the  diagram  and 
becomes  continuous  with  the  oviduct  wliere  the  latter  bends 
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inv/ard  to  reach  the  common  oviduct.   The  cavity  of  the  ute- 
rus has  increased  in  size,  the  lumen  of  the  penis  opens  to 
the  outside  and  the  atrial  pore  has  appeared.   This  is  the 
adult  condition  save  that  the  vasa  deferentia  are  not  con- 
nected with  the  penis  lumen.   The  yolk-glands  are  much  lar- 
ger than  before  and  pass  from  the  oviduct  up  between  the 
gut  lobes  at  frequent  intervals.   No  mention  has  been  made 
in  the  above  of  the  condition  of  the  ovaries  and  testes  for 
they  have  not  changed  greatly.   Both  are  larger  than  at 
first,  the  ovaries  with  more  large  ova,  the  testes  with 
their  cavities  containing  spermatids  of  all  sizes.   Connec- 
ting the  vasa  deferentia  with  the  penis  the  adult  condition 
is  reached  (Pigs.  35  and  34). 

The  stages  in  the  development  of  the  atrial  organs 
can  be  best  shoATi  by  a  series  of  diagrams  representing  them 
as  seen  from  the  side.   Figure  57  shows  at  a^  the  primary 
cavity  in  the  parenchyma  lined  with  epithelium  (Figs,  4 
and  5).   This  cavity  takes  on  the  shape  shown  in  Figure  58 
in  which  the  uter-us  (u)  is  indicated  and  the  position  of 
the  penis  (p)  by  an  irregular  fold.   The  portion  which  will 
later  connect  with  the  outside  is  also  seen.   The  cavity 
(Fig.  59)  assumes  more  and  more  the  contour  of  the  adult 
atrium  by  the  further  development  of  the  penis  in  which  a 
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lumen  appears  and  the  development  of  the  common  oviduct 
(CO),   In  later  stages  the  developing  oviduct  of  each  side 
grows  out  to  unite  with  the  common  oviduct  as  shovm  in 
Figure  56,  and  the  penis  lumen  opens  on  the  free  end  of  the 
penis,  but  the  connection  of  the  vasa  deferentia  with  the 
penis  does  not  occur  until  considerably  later. 

The  development  of  these  organs  shov/s  that  there  are 
two  distinct  parts  (1)  the  genn  cells  and  (2)  the  accessory 
organs  about  the  atrii«n.   The  two  originate  separately  and 
later  become  connected  wit.h  one  another.   There  are  laid 
down  two  cords  of  cells  extending  from  the  ovaries  well 
back  into  the  tail.   Anteriorly,  in  the  position  of  these 
cords  the  oviducts  appear,  while  back  of  the  atrium  the 
coi'ds  remain  the  same  and  become  yolk-glands.   So  far  as  I 
can  make  out  the  yolk-glands  arise  as  outgrowths  of  this 
primary  rod  of  cells.   The  oi^g^ns  of  the  atrium  begin  as  a 
cleft  in  the  parenc?iyma  which  gradually  becomes  differen- 
tiated into  the  several  parts.   The  testes,  ovaries  and  ovi- 
ducts with  the  connecting  yolk-glands  arise  in  the  same 
place  that  they  occupy  in  the  adult,  save  that  with  their 
increasing  size  the  yolk-glands  extend  up  between  the  gut 
lobes  and  so  take  possession  of  the  dorsal  region.   So  far 
as  I  can  see  there  is  no  particular  area  from  which  the 
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yolk-glands  develop  as  is  the  case,  according  to  Wood- 
worth's  description,  in  Phaf^ocata  ,":racilis. 
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VII,    A  NOTE  ON  THE  EARLIER  EMBRYOLOGY  OF  PLANARIA 

MACULATA. 

In  following  through  the  earlier  embryology  of  PI. 
inaculata ,  I  have  not  found  that  it  offers  any  points  of 
difference  from  the  descriptions  of  other  species  given  by 
Ijima  {'84)  and  Hallez  {'79),  save  in  one  particular.   This 
relates  to  the  development  of  the  pharynx  and  is  explained 
in  FifTure  51,   This  figure  represents  an  embryo  which  has 
taken  up  all  the  available  yolk  cells  throxigh  its  embryonic 
pharynx  and  larval  mouth  {ph'  and  Imo ) ,   This  yolk  {y)  is 
seen  within  as  a  mass  of  disinterrrating  cells  with  nuclei. 
When  the  taking  up  of  the  yolk  is  ji;st  completed  the  embryo 
is  spherical  with  its  embryonic  pharynx  at  one  side,  a 
stage  which  text-books  figures  have  made  familiar  to  every 
one.   The  definite  endodermal  layer  which  could  at  first  be 
distinguished  can  no  longer  be  made  out  and  the  wall  of  the 
embryo  seems  to  consist  of  a  greatly  flattened  ectoderm  {C,c ) 
and  closely  applied  to  the  inner  side  of  this  scattered 
mesenchyme  cells  representing  the  endoderm  and  mesoderm. 
This  spherical  embryo  of  PI,  maculata  flattens  down  as  is 
shown  in  Fig,  51,  and  the  inner  cells  increase  in  niamber 
along  what  is  destined  to  become  the  ventral  side  of  the 
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adult.   Posteriorly  a  mass  (ph' )  of  these  cells  is  especial- 
ly noticeable  and  this  becomes  the  adult  pharynx  by  the 
process  which  has  been  often  described.   It  v;iii  be  seen 
that  the  loiver  flat  side  of  the  embryo  of  Fig.  51  repre- 
sents the  ventral  sujr'face  of  the  adult  and  that  the  larval 
mouth  (Imo)  which  leads  through  the  larval  pharynx  into  the 
gut  cavity  in  on  the  future  dorsal  surface.   This  point  has 
seemed  to  me  worth  noting  since  from  the  descriptions  of 
Ijima  and  Hallez  the  larval  pharynx  seems  to  open  on  that 
side  of  the  embryo  which  becomes  the  ventral  side  of  the 
adult  and  to  have  its  longitudinal  axis   correspond  to  the 
vfjrtical  axis  of  the  adult.   Ijima's  Figure  28  of  PI.  XXIII 
is  a  diagrammatic  representation  of  almost  the  same  stage 
as  my  Figure  51  save  that  his  figure  shows  a  mass  of  ento- 
mesoderm  cells  over  the  area  covered  in  my  figure  by  the 
embryonic  pharynx.   As  he  especially  states  that  all  trace 
of  the  embryonic  pharynx  disappears  before  the  adult  phar- 
ynx begins  I  think  it  not  unlikely  that  he  may  have  been 
mistaken  in  supposing  that  the  place  of  the  new  pharynx  was 
identical  with  that  of  the  embryonic  one,  and  that  the  em- 
bryonic pharynx  of  Tiendrocoelum  lacteuin  may  lie  at  the  point 
indicated  by  the  mass  of  cells  in  Ijima's  figure,  which  is 
identical  with  the  point  at  v/hich  it  is  found  still  per- 
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sisting  in  PI.  maculata. 

The  exact  position  would  be  hard  to  establish  in 
T^endrocoeliun  lacteiam  since  the  first  pharynx  disappears  be- 
fore the  second  can  be  distinguished,  but  in  Pl«  maculata 
where  both  occur  together  their  relative  positions  can  be 
at  once  determined,  and  since  it  would  be  rather  strange  to 
have  such  an  entirely  different  relation  in  forms  so  nearly 
alike  in  all  their  general  structure  as  the  Planarians  I 
believe  the  mass  of  cells  indicated  at  this  position  in 
Ijima's  figure  may  also  mark  the  location  of  the  embryonic 
pharynx  in  Dendrocoelum  lacteiMi. 
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Summary, 

Planarians  collected  from  several  localities  and  re- 
sembling each  other  so  closely  that  one  can  hardly  believe 
they  are  even  different  vai'ieties  of  the  Planaria  maculata, 
show  considerable  difference  in  their  life  histories  in  the 
different  localities.   In  some  localities  the  species  seems 
to  have  reproduced  exclusively,  so  far  as  the  observations 
go,  by  fission,  in  others,  only  by  the  aexual  process, 
while  there  are  still  others  where  both  processes  occur  at 
different  seasons,   A  possible  explanation  of  this  is  that 
the  reproduction  by  fission  may  replace  the  sexual  repro- 
duction for  a  term  of  years  thoiigh  the  time  (3  years)  over 

r 

which  my  observations  extend  is  not  sufficient  to  fully  es- 
tablish this. 

The  characteristic  feature  of  the  normal  fission  oc- 
curring in  this  form  is  that  it  takes  place  without  any  pre- 
vious furrow  at  the  place  of  division  or  development  of  or- 
gans for  the  new  individuals  and  hence  produces  the  same 
appearance  as  an  artificials^ cut  which  should  separate  a 
normally  pixiportioned  specimen  at  a  definite  point  behind 
the  pharynx. 

From  a  study  of  the  histological  details  in  the  re  - 
generation  after  the  normal  fission  I  can  find  no  evidence 
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that  the  new  parts  develop  by  the  transformation  of  highly 
organized  cells  to  a  simpler  type  which  produce  the  new  or- 
gans. My  whole  evidence  would  rather  indicate  that  there 
exist  in  the  parenchyma  certain  individual  cells  which  can 
be  distinguished  from  the  parenchyma  proper  and  that  these 
are  responsible  for  the  new  parts  in  regeneration  and  also 
for  the  sex  cells  of  the  reproductive  organs. 

The  structure  of  the  mature  reproductive  organs  of 
this  Planarian  is  here  described  for  the  first  time. 

The  development  of  the  reproductive  organs  is  also 
described,  the  facts  of  which  are  summarized  in  the  para- 
graph on  page  69. 

A  note  is  given  on  a  stage  in  the  embryology  of  this 
form  to  show  that  tlie  adult  pharynx  does  not  originate  at 
the  place  v^here  the  embryonic  pharynx  degenerates. 


Johns  Hopkins  University,  June,  1901. 
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nESCRIPTION  OF  FIGURES. 
Plates  1-8. 


Reference  Letters. 

a.  atrium 

ae  p'  epithelium  of  young  atrium. 

c*  cavity  lined  v/ith  epithelium  at  position,  of 

old  ati'ium. 

CO.  common  oviduct, 

ct.  connective  tissue  stroma  of  ovary, 

ctn.  nuclei  of  this  stroma. 

ds.  zone  of  formative  cells  in  the  dorsal  region, 

ec.  ectoderm, 

ec'  young  ectoderm, 

ep.  epithelixim. 

g.  gut. 

gl.  gland  cells, 

gp,  gland  pore, 

k.  mitotic  figure. 

Im.  larval  mo  ith. 

m,  mouth, 

mf,  muscle  fibre. 
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lit  nuclei, 

ne.  nerve. 

np.  nuclei  of  the  parenchyma  proper, 

o.  oviduct. 


oy. 

cord  oi  cells  alon 

p. 

penis. 

pa. 

parenchyma. 

ph. 

pharynx. 

ph'. 

young  pharynx. 

phi' 

pharyngeal  luinen. 

Pl. 

penis  lumen. 

ps. 

pharyngeal  sheath. 

r.  rhabdites. 

s.  formative  cells ( "stammzellen"  of  Keller). 

t«  testes. 

u.  uterus. 

v.  vacuole. 

va.  va;^ina, 

vd.  vas  deferens. 

X.  masses  of  cells  found  principally  in  dorsal 

re'];ion. 

y,  yolk-glands, 

yo.  yolk  within  embryo. 
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Plate  I. 

(The  figures  on  this  plate  were  drawn  from  the  live 
specimens  increased  20  diameters.   They  have  been  reduced 
3/4  in  the  reproduction). 

Figs.  1,2.   A  tail  piece  of  PI.  maculata  from  the 
dorsal  aspect  a  few  hours  after  the  normal  fission.   Fig.  I 
shov/s  the  anterior  end  drawn  together  as  it  is  when  the  an- 
imal is  at  rest.   Fig.  2  shows  the  condition  when  the  piece 
is  moving  actively  about.   The  pigment  flecks  are  shown 
only  at  the  anterior  end  and  also  the  outline  of  the  gut. 
All  drawn  from  the  living  specimen. 

Figs.  3-7.  -  Represent  the  same  specimen  as  Fig.  2  on 
the  five  days  following  the  day  of  fission.   In  Fig.  4  the 
eyes  are  berinning.   In  Fig.  5  the  gut  rami  have  united  an- 
teriorly and  the  rudiment  of  the  phai-ynx  can  be  distinguish- 
ed.  In  Fig.  6  the  development  of  the  new  median  anterior 
gut  ramus  has  progressed  quite  far,  but  the  gut  is  not 
shown  in  the  posterior  end  of  the  specimen.   In  Fig.  7  the 
head  is  well  formed,  but  the  pharynx  w!dch  is  shown  without 
the  gut  is  still  too  far  forward.    All  from  the  living 
specimen. 

Fig.  S.  -  A  worm  developed  from  a  tail  piece  like  Fig. 
2  as  it  appeared  the  8th  day  after  the  normal  fission. 
From  a  living  specimen. 
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Figs,  9,  10,  -  A  tail  piece  of  PI,  maculata  the  3rd 
day  after  its  normal  fission  and  aj^ain  on  the  19th  day  to 
show  the  change  of  proportions.   In  Fig,  10,  the  gut  is  not 
shown.   From  a  living  specimen. 

Fig,  11.  -  The  outline  of  the  posterior  end  of  a  head 
piece  of  PI.  maculata  on  the  day  of  normal  fission  and 
drawn  over  tliis  the  outlines  (2,3,4,6,7)  on  the  six  succeed 
ing  days.   From  the  living  specimen. 

Fig,  12,  -  A  tail  piece  on  the  day  after  the  normal 
fission.   To  show  a  peculiar  condition  of  the  right  gut  ra- 
mus.  From  the  living  specimen. 

Figs,  13,  14,  -  A  tail  piece  on  the  day  after  fission 
and  again  on  the  third  day  after.   To  show  remodelling  of 
the  gut.    From  the  living  specimen. 

Fig,  15,  -   The  anterior  end  of  a  tail  piece  on  the 
day  after  normal  fission  as  it  appears  when  fully  expanded. 

Figs,  16  -  18,  -  The  same  tail  piece  on  the  3rd,  4th 
and  5th  days  after  normal  fission.    From  the  living  speci- 
men, 

Plate  2, 


(All  the  figures  are  again  from  living  specimens  drawn 
increased  20  diameters,  but  are  reduced  2/3  in  the  repro- 
duction) , 
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Pig.  19,  -   A  head  piece  of  Pl»  maculata  a  few  hours 
after  normal  fission  showing  the  cut  expanded  as  it  is  when 
the  animal  moves  about.   The  gut  is  shown  only  in  the  re- 
gion of  the  pharynx. 

Figs,  20,  21,  -   The  same  specimen  as  is  shown  in  Figs. 
2-7  redivided  on  the  eighth  day  after  the  condition  shown 
in  Fig.  2. 

Pig.  22,  -  A  normally  proportioned  PI,  maculata  just 
before  Vlormal  fission. 

Pig,  23.  -  A  specimen  to  show  bizarre  branching  of  the 
gut. 

Figs.  24,  25.  -  Represents  the  specimen  shown  in  Fig. 
22,  just  after  it  divided  two  hours  later.  In  Fig.  24  the 
gut  is  shown  only  in  the  region  of  the  pharynx. 

Fig.  26.  -   The  posterior  end  of  Fig,  19  as  it  appears 
contracted  when  the  animal  is  at  rest. 

Fig,  27,  -   The  posterior  end  of  a  head  piece  on  the 
day  after  normal  fission. 

Fig,  28,  -  The  posterior  end  of  the  same  specimen  as 
shown  in  Fig,  19,  on  the  second  day  after  the  fission. 

Fig,  29,  -   The  same  on  the  fourth  day. 

Fig,  30.  -   The  same  on  the  tenth  day,  the  gut  not 
being  shown. 
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Fig.  31.  -  A  specimen  with  bizarre  branchinf^  of  the 
gut. 

Fig.  32.  -  The  outline  of  the  specimen  shown  in  Figs. 
19,  28,  29  and  30  which,  seventeen  days  af ter.condi t ion 
shown  in  Fig.  19,  has  reached  normal  proportions.   The  out- 
line of  the  gut  could  not  be  made  out.    This  figure  v/ill 
also  illustrate  the  outline  of  a  noi-mal  PI.  maculata. 

Plate  3. 

(The  figures  are  drawn  from  a  reconstruction  of  a  trans- 
verse series  of  sections  and  reduced  3/4.) 

Fig.  33.  -  The  atrial  organs  of  PI.  maculata  leading 
to  them,  from  the  dorsal  aspect.   The  pharynx  is  shown  in 
outline.    The  unicellular  glands  leading  into  the  vagina 
are  indicated  by  the  arrows.   The  oviduct  is  drawn  without 
its  connecting  yolk-glands.    Zeiss.   A   2. 

Fig.  34.  -  The  same  from  the  right  side.   The  oviduct 
and  vas  deferens  of  the  left  side  are  omitted.   Zeiss.  A   2. 

Plate  4. 

(The  figures  are  from  the  camera  lucida  outlines  of  sec- 
tions and  are  reduced  3/4  in  the  reproduction.) 

Fig.  35.  -  Sagittal  section  through  the  anterior  por- 
tion of  a  tail  piece  a  few  hours  after  its  normal  fission 
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(see  Fig,  2  which  represents  the  external  features  of  such 
a  piece).   The  parenchyma  is  seen  to  be  naked  at  the  cut 
surface.   The  anterior  is  to  the  left.   Zeiss,  D  X  2. 

Fig.  36,  -  From  the  sagittal  section  of  a  just  divided 
tail  piece  (see  Fig.  2).   The  part  of  the  section  drawn 
lies  about  in  the  middle  of  the  animal  and  shows  the  ex- 
cess of  formative  cells  with  frequent  mitotic  figures  in 
the  dorsal  region.   The  anterior  is  to  the  left,   Zeiss, 
D  and  2. 

Fig,  37.  -  A  sagittal  section  through  the  anterior  end 
of  a  tail  piece  on  the  day  following  fission  (see  Fig.  3), 
At  the  naked  ^Tid  is  to  be  seen  what  is  interpreted  as  the 
production  of  the  new  ectoderm  ec'  by  formative  cells.   The 
anterior  is  to  the  left,    Zeiss,  D  X  2, 

Fig,  38,  -  A  sagittal  section  through  the  tip  of  new 
tissue  on  a  tail  piece  (Fig,  4)  of  the  third  day.   The  new 
ectoderm  is  formed  and  in  place  of  the  large  formative 
cells  of  the  first  day  (Fig,  35)  are  found  many  smaller  nu- 
clei with  no  distinct  cytoplasmic  outline.   The  anterior  is 
to  the  right,    Zeiss,  D  X  2, 

Plate  5, 
(The  figures  are  from  camera  lucida  outlines  of  sections 
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and  are  I'educed  3/4  in  the  reproduction). 

Fig,  39,  -  From  a  sagittal  section  of  a  tail  piece  on 
the  third  day.   The  part  shown  is  in  the  region  of  the  new- 
ly forned  anterior  gut  ramus  and  the  rudiment  of  the  phar- 
ynx,  (See  Fig.  5),   Only  the  anterior  half  of  the  mass  of 
cells  (ph* )  destined  to  form  the  pharynx  is  shown.   The  an- 
terior end  is  to  the  right,   Zeiss,  D  X  2, 

Fig,  40,  -  A  similar  section  through  the  region  of  the 
newly  formed  pharynx.   The  sheath  (ps)  is  fonned,  but  the 
mouth  has  not  broken  through  (see  Fig,  19),   The  lumen  of 
the  pharynx  (phi')  is  just  appearing.   The  anterior  is  to 
the  left,   Zeiss  ,  D  X  2. 

Fig,  41,  -  A  similar  section  through  the  anterior  end 
of  a  tail  piece  on  the  fourth  day  (Fig.  14).   The  essential 
structure  of  the  adult  head  has  been  reached,  there  being 
now  almost  no  formative  cells  anterior  to  the  brain  (n). 
Th'^.   anterior  is  to  the  left,   Zeiss,  D  X  2, 

Fig,  42.  -  A  sagittal  section  through  tho  anterior  tip 
of  t:-e  new  median  gut  ramus  of  a  tail  piece  (see  Fig,  5)  to 
show  the  close  association  of  the  formative  cells  (s)  with 
the  ^rut  (g)  at  this  point,   Th?  anterior  is  to  the  right, 
Zeiss,  l/l2  X  2, 
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Plate  6. 

(The  fif^ures  are  from  camera  lucida  drawings  of  sections 
reduced  5/6  in  reproduction). 

Fig.  43.  -   The  parenchyma  of  PI.  maculata  showing  for- 
Piative  cells  (s)  and  the  nuclei  of  the  parenchyma  proper 
(np) .   Zeiss ,  l/l2  x  2. 

Fig.  44.  -   Portion  of  the  cord  of  cells  which  is 
found  lying  along  above  either  nerve  cord  from  the  ovaries 
well  dovm  into  the  tail  as  in  the  stage  of  development  rep- 
resented by  Fig,  54,   The  surrounding  parenchyma  is  not 
shown,    Zeiss,  l/l2  x  2. 

Fig,  45,  -  A  transverse  section  through  the  atrial 
cavity  just  after  it  can  be  distinguished  as  such  (see 
Figs.  54  and  57).   The  surrounding  parenchjina  is  shown. 
Zeiss,  l/l2  X  2, 

Fig.  46,  -  A  longitudinal  section  thiough  one  of  the 
short  cords  of  cells  which  are  the  first  sign  of  the  devel- 
oping sex  cells,   Thn  surrounding  parenchyma  is  sho'Am.   The 
cord  is  evidently  comrosed  of  fonnative  cells,   Zeiss, 
l/l2  X  2, 

Fig,  47,  -  Section  through  one  of  the  short  cell  cords 
which  is  now  sufficiently  advanced  to  be  distinguished  as  a 
testis,   Zeiss,  l/l2  x  2, 
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Fig,  48,  -  Th5  same  at  a  slightly  later  sta^e,   Zeiss, 
1/12  X  2, 

Plate  7. 

(The  figures  of  this  plate  are  from  camera  lucida  draw- 
ings of  sections  and  were  not  reduced  in  the  reproduction). 

Pig.  49,  -  A  section  through  a  young  ovary  just  after 
it  is  distinguishable  as  such  (see  Fig,  53),   The  ova  (o) 
are  shown  surrounded  by   the  parenchyma  and  among  them  are 
nuclei  (ctn)  which  are  probably  homologous  v/ith  the  nuclei 
of  the  supporting  stroma  of  later  stages,   Zeiss,  D  x  2, 

Fig,  50,  -  A  section  through  an  avary  of  an  adult  worm 
which  has  finished  its  reproductive  season  and  in  which  all 
parts  of  the  reproductive  organs  have  disappeared. except 
the  ovaries  and  a  remnant  of  the  atriiim,   Zeiss,  D  x  2, 

Fig,  51,  -  A  sagittal  section  through  a  larva  of  PI, 
maculata  at  the  stage  when  the  adult  pharynx  (ph)  is  just 
forming.   To  show  the  relation  of  this  to  the  embryonic 
pharynx  (ph').   Zeiss,  A  x  2, 

Fig,  52,  -  A  section  through  th»  adult  ovary  of  a  PI, 
maculata,  Shov/ing  ripe  ova  ready  to  pass  into  the  oviduct 
the  wall  of  which  is  cut  through  (od). 
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Plate  8. 

(  The  figures  of  this  plate  are  reduced  2/3  in  the  repro- 
duction) . 

Fig.  53.  -  A  semi-diagrammatic  figure  of  an  early- 
stage  in  the  development  of  the  reproductive  organs.   Out- 
lines of  body  and  ovaries  and  testes  from  a  camera  drawing 
of  a  toto  preparation.   The  testes  are  only  shown  on  one 
side.   Zeiss,  A*x  4. 

Pig,  54.  -  Semi-diagrammatic  figure  constructed  in  the 
same  way  as  the  last  of  a  stage  in  which  the  atriiim  (a) 
is  just  appearing  and  the  cord  of  cells  (oy)  has  just  ap- 
peared along  the  line  of  the  future  oviduct.   Zeiss,  A*x  4. 

Fig.  55.  -  Semi-diagrammatic  figure  like  the  last  of  a 
stage  at  which  the  oviduct  has  appeared  along  the  line 
where  the  cord  of  cells  previously  lay,  wl^ile  with  it  are 
connected  the  incipient  yolk-glands  (y).   The  parts  of  the 
atriiun  can  be  seen  and  dlso  portiona  of  the  vasa  deferentia, 
but  the  connections  of  the  vasa  deferentia  and  oviducts 
with  the  atrivim  have  not  been  attained.   Zeiss,  A  x  4. 

Fig,  56.  -  A  semi-dia.^rammatic  figure  consti*ucted  in 
the  same  way  as  the  last  of  a  stage  in  which  practically 
the   adult  condition  has  been  attained,  save  that  the  vasa 
deferentia  do  not  connect  with  the  penis.   Zeiss,  A'*^x  4. 
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Figs.  57-59.  -  Diagx-ams  to  i-opx-esent  the  development 
of  the  atrial  cavity  from  a  simple  cleft  to  a  condition 
which  approximates  the  adult  (Pig.  34).   The  outline  of  a 
sagittal  section  is  drawn  in  and  each  figure  is  from  an 
outline  with  a  camera  lucida.   Zeiss,  A  x  4. 

Pig.  60.  -  Outline  of  the  organs  appearing  in  a  trans- 
verse section  of  =i  sexually  mature  PI.  maculata  taken  mid- 
way between  the  pharynx  and  ovaries  to  show  the  lateral  and 
vertical  extent  of  testes  and  yolk-glands.   Zeiss,  A  x  1. 

Fig.  61.  -  The  outline  of  a  sagittal  S'iction  of  the 
region  of  the  mouth  and  atrium  of  a  large  specimen  in  v^hich 
the  atrial  organs  were  degenerating.   The  structures  found 
in  a  number  of  serial  sections  are  all  ohovm.   At  the  po- 
sition of  ■^.he  uterus  some  irregular  masses  (u)  further  back 
a  tangle  of  muscle  fibres,  a  small  cavity  (c)  and  a  pit  on 
the  ventral  surface  (ap)  at  the  position  of  the  atrial 
pore.   These  parts  are  entirely  disconnected.   Zeiss,  A  x  2 
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